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Established  in  April  1359,  the  China  Flight  Test  Research  Center 
( CFTF.C )  is  the  only  organization  in  China  specialized  in  the 
national  evaluation  flight  tests  and  research  flight  tests  of 
aircraft,  aeroengines  and  main  airborne  equipments.  For  thirty 
years,  it  has  accomplished  the  national  evaluation  flight  tests 
cf  mere  than  10  types  of  aircraft  and  aeroengines  and  evaluation 
flight  tests  of  several  hundreds  of  systems  and  products  related 
to  avionics ,  instruments,  high  altitude  escape  and  fire  control, 
and  has  performed  more  than  2000  items  of  research  and 
development.  By  1337,  the  CFTRC  won  3  items  of  the  national 
invention  prize,  30  items  of  award  from  the  State,  37  items  of 
award  from  the  Ministry  of  Aero-Space  Industry  and  &  items  of 
award  from,  the  Shanxi  Province.  Recently,  it  has  completed  the 
qualifying  evaluation  flight  tests  of  three  new’  types  of  aircraf 
l  c. n  t  _l  i  s  h  Ab  s  t  r  a  c  t  j  . 


C n  the  o i y  W e i b e i  plains  of  the  Yellow  River  valley,  there  is  a 
1 1 1 1 1  e  -  .on  own  aerospace  industrial  district.  Gnxy  since  China's 
opening  up  to  foreign  countries  has  its  mysterious  face  gradual! 
been  revealed.  This  is  the  "Airplane  City"  m  the  northern 
suburbs  of  Xian.  The  China  Flight  Test  Research  Center  (CFTRC) 
is  one  of  the  major  features  of  this  district. 
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perferm.  evaluation  flight  testing  and  research  flight 


s t mg  on  new  node-  aerospace  technical  equipment.  It  is 
.  i  n  a  1  s  o  n  j.  y  c  r  g  a  m  z  a  1 1  o  n  which  specializes  i  n  qualifying 
valuation  flight  te sting  of  aircraft,  engines  and  major  airboi 
[v.ipment  .  In  ~hc  past  3C  years,  it  has  performed  national 
ialifying  evaluation  tests  more  than  ten  different  models  of 
, r c r a f :  am  engines  .  It  has  evaluated  several  hundred  product 
• systems  m  the  areas  cf  electronics,  specie. I  design. 
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tut ,  and  high-altitude  escape  and  fire  control  systems, 
ting  more  thc.n  200C  scientific  research  projects.  As  of 
the  CFTF.C  had  been  awarded  three  national  awards  for 
ions ,  30  other  national  level  awards ,  37  awards  from  the 
ace  Industry  Ministry,  and  six  awards  from  Shanxi  proving 
past  few  years ,  it  has  completed  qualifying  evaluation 
testing  for  three  new  iriodel  aircraft,  writing  a  gloriou: 
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of  fliyht  testing  i n  China. 


Through  thirty  years  of  hard  work,  this  previously  barren  loess 
city  has  becoma  a  jewel  of  China's  northwest,  with  good 
transportation,  advanced  communications ,  many  foreign  guests  and 
tnrongs  of  businessman  and  tourists. 
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The  CFTRC  currently  employs  about  2000  engineers  and  technicians . 
including  nearly  300  high-level  engineers  and  technical 
personnel.  It  also  has  a  corps  of  highly  trained,  experienced, 
and  highly  motivated  flight  personnel  represented  by  heroes  suen 
as  Wang  Ang,  Hua  Jun  and  Huang  Bingxin. 

There  are  currently  several  dozen  test  aircraft  at  the  CFTRC . 

These  include  various  types  and  models  of  domestically 
manufactured  aircraft.  More  than  ten  laboratories  are  separately 
responsible  for  research  projects  m  such  specialties  as 
aircraft,  helicopters,  flight  simulation,  automatic  control  and 
guidance,  free-f light  models,  aircraft  strength,  engines, 
powerplants ,  electronics,  eguipment ,  fire  control  instruments, 
and  high-altitude  safety  and  ejection.  Test  system;  research 
personnel  are  responsible  for  the  use  of  airborne  and  surface 
instruments  and  equipment,  and  for  the  associated  data 
processing.  Equipment  and  test  system  research  personnel  perform, 
research  and  development  for  non-standard  equipment,  test 
instruments  and  sensors  especially  required  by  the  CFTRC.  The 
CFTRC  measurement  laboratory  ensures  the  accurate  transfer  of 

J;:cdbdlc.;tci.ub  a  L  L  ^  L  scayc,  iiicic  ale  u'U  nit  IcJ. 

runways  which  are  equipped  with  the  necessary  navigations- 
equipment ,  including  night  navigation  equipment.  The  flight  base ■ 
provides  s.  upper  t  for  carrying  out  the  test  flights  and  for 
maintenance ,  and  its  refitting  shop  is  responsible  for  making 
modifications  on  test  flight  aircraft. 
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w’ith  China's  young  aerospace  industry.  Although  it  herd  a  late 
start,  through  perseverance  and  hard  work  N  N  it  has  made 
note wort ay  advances.  In  order  to  acquire  all  requisite 
specialties  and  overall,  test  f-ight  technical  capabi_itier,  the- 
CFTRC  has  p*actu  long-term,  emphasis  on  test  flight  methods, 
including  special  rest  flights.  It  is  currently  not  only  capabxi 
of  performing  qualifying  evaluation  flight  testing  for  a  number 
of  different  new  aircraft,  advanced  modified  aircraft  and 
different  types  of  systems ,  but  it  has  also  miade  some  advanced 
breakthroughs  m  international  advanced  testing  technology  and 
t  h  e  o  r  e  t  ical  methods.  In  several  areas,  it  has  already  reached 
international  advanced  levels.  For  example,  m  its  research  in 
using  par a me  ter  recognition  technology  to  obtain  aircraft 
aerodynamic  derivatives  and  using  Kalman  filtering  methods  to 
ok  tain  aerodynamic  derivatives  for  helicopters,  it  has  made 
contributions  with  practical  applications.  Flutter  experiments , 
vibration  measurements,  ano  dynamic  test  flight  methods  have  all 
been  used  in  e valuation  -a n cl  research  flight  testing.  Research 
has  been  successfully  conducted  in  m— flight  aircraft  di  s  t  o  r  ti  j.  o  i'i 
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completed  l'cScai'di  in  using  interior  itasui  er.ents ,  the  fixed 
measurement  rake  me  thou,  and  the  oscillsting  rake  method  for 
propulsion  testing,  thus  solving  the  problems  of  in- flight 
testing  of  engine  propulsion,  tension  and  aircraft  polar  curve. 

It  has  conducted  experimental  research  on  in-flight  restarting 
anc  m  operational  stability.  In  the  area  of  engine 
environmental  research,  it  has  found  solutions  for  experimental 
methods  and  measurement  technology  involving  icing,  bird  and  gas 
ingestion  and  choking.  It  has  also  provided  good  technology  for 
the  in-flight  testing  of  oscillation,  temperature  and  strain  in 
high— revolution  engine  parts.  In  aerospace  life  support  systems, 
it  has  gradually  evolved  from  engineering  research  toward  a  new 
stage  confining  engineering  research  with  aerospace  physiology. 

In  the  drafting  of  test  flight  plans,  it  uses  system;  engineering 
for  cor.pr enensi ve  management ,  resulting  m  substantial  economic 
savings . 


Advances  in  flight  testing  technology  play  an  important  role  in 
major  tecnnoxogical  breakthroughs  and  m  tackling  key  problems  in 
preliminary  research.  The  large  amounts  of  valuable  data  which 


the  CFTRC  has  gained  through  flight  testing  has  laid  a  sound 
foundation  fer  determining  the  various  technical  criteria 
required  by  Cmna’s  aircraft  design.  For  example,  m  the  process 
of  determining  flight  quality  criteria,  aircraft  flight 
performance  criteria,  strength  criteria,  vibration  criteria, 
engine  testing  criteria,  instrument  static  norm  criteria,  and  a 
whole  series  of  flight  testing  standards,  the  CFTRC  provided 
large  amounts  cf  reliable  flight  testing  data.  At  the  same  time, 
ill  liHc  wit  t  li  6  ad  vancss  in  space  technology,  it  has  completuc. 
flight  experiments  m  w eightless ness. 
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Breakthroughs  and  de velopment s  in  flight 
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The  engine  flight  testing  platform  was  the  first  large-scale 
flight  testing  platform,  built  by  the  CFTRC  which  was  capable  of 
performing  m-f light  testing  on  engines.  It  is  especially  useful 
for  debugging  test  flights  for  new  model  engines  and  research  on 
dangerous  flight  test  objects,  as  well  as  for  various  special 
projects.  The  special  design  electronics  aircraft,  image  by 
modifying  the  imported  jiangzhuang  [transliteration]  II,  is 
equipped  with  a  composite  aerial  testing  control  system  with 
inertial  control  and  radio  navigation  calibration  equipment,  and 
can  conduct  various  types  of  missions  for  navigation  and 
electronics  equipment  as  well  as  for  calibration  testing  and 
aerial  measurements .  The  ejection  seat  test  mechanism,  modified 
end  designed  at  the  CFTRC,  can  perform  not  only  in  — flight 


ejection,  but  also  zero-altitude  low-speed  ejection  on  the 
runway .  The  newly  developed  high-speed  ejection  test  mechanism, 
and  the  variable  stability  aircraft  will  soon  be  put  in  use. 

The  ground  testing  facilities  include  chiefly  the  flight 
emulator ,  the  aircraft  control  systems  testing  platform,  the 
underground  and  open-air  engine  testing  platforms,  the  testing 
platform  for  engine  fuel  and  oil  regulating  systems,  the  aircraft 
propulsion  testing  platform,  the  ejection  seat  testing  platform, 
the  high-altitude  test  chamber,  the  high-voltage  static- 
electricity  laboratory,  and  the  antenna  testing  field.  These 
installations  have  played  a  very  major  role  in  completing 
qualifying  evaluation  flight  testing,  developing  preliminary 
research,  improving  flight  testing  methods,  and  in  raising'  the 
level  of  flight  testing  efficiency. 


In  the  early  days  following  the  establishment  of  the  CFTRC , 
the  basic  airborne  testing  instruments  were  automatic  recorders 
and  optical  oscillographs.  In  the  1960s,  we  developed  and 
designed  our  own  first— generation  adjustable— frequency  and 
d i g 1 1 a j.  type  tape  recording  system,  and  gradually  equipped 
do:  re  s  t  i  c  a  1 1  y  manufactured  radio  remote  controlled  systems  for 
real-time  monitoring  of  a  few  parameters.  In  the  late  1370s,  wc 
successfully  developed  the  second  generation  digital  tape 
recording  system,  and  imported  a  data  collection  system  and 
surface  data  processing  station  from  France.  In  the  early  1930s 
the  CFTRC  imported  a  Lishan  [transliteration]  real— time  data 
system  which  was  a  combination  of  magnetic  tape  and  telemetry 
systems ,  with  an  emphasis  on  telemetry.  This  was  an  advanced 
s y s t e for  the  tin e  ,  and  accelerated  the  pace  of  research  which 
•was  being  conducted.  It  provided  feasible  testing  methods  for 
velocity  parameters  with  strict  time  requirements,  such  as  the 
engine  intake  surface  pressure  field  distribution.  In  the  mid  — 
1930s,  in  order  to  have  additional  capabilities  for  the  fina_L 
processing  ot  flight  testing  data,  we  imported  the  Qmchuar. 
[transliteration]  system,  which  is  centered  around  a  computer, 
arm  began  to  build  a  multiple-function  remote  control  station. 

The  use  of  these  advanced  level  testing  systems  not  only  impnove^ 
the  effectiveness  of  flight  testing,  allowing  a  single  composite 
test  flight  for  modifications,  during  which  data  on  a  number  cf 
special  items  could  be  collected,  but  also  provided  high-quality 
and  safe  command  control.  This  greatly  increased  the  safety  and 
success  rate  of  flight  testing.  In  addition,  it  also  created 
extremely  beneficial  conditions  for  reforming  flight  test 
organization  and  m a n a g e m e  nt  methods. 
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In  tne  past  ter.  years  of  reformis,  following  the  policy  of 
development  in  the  aerospace  industry,  the  CFTRC  has  prop>osed  the 
slogan  "with  flight  testing  as  our  principal  effort,  let  us 


cHCi'dOc  xr.  business ,  stress  basic  research,  develop  promising 
trends ,  do  better  in  every  way,  and  increase  our  prestige  world- 

wxCle.  x  ue  eri."\e  uas  esiariisueu  a  LlVxxiau  auuait  testing  jot 

which,  after  completing  the  "three  continuous  take-offs"  project 
for  the  done s t i cal ly  produced  Y— 8  aircraft,  undertook  civilian 
aircraft  airworthiness  flight  testing.  It  performed  research 
in  comprehensive  and  thorough  flight  testing  methods  and 
measurement  technigues  in  accordance  with  airworthiness 
regulations.  As  China’s  civilian  aircraft  industry  develops,  we 
are  confident  that  civilian  aircraft  flight  testing  will  also 
become  one  of  the  major  missions  of  the  CFTRC. 


In  addition  to  conducting  debuygmg,  research  and  model 
determination  m  —  flight  and  surface  testing  of  aircraft,  engines, 

a.iu  Uii-ijuaiu  arq^ipiUciit  ,  enc  crir.c  aisu  xs  actively  preparing 

a  e  r i a  *  remote  reasureient ,  remote  sensing  and  photographic 
missions  for  the  ministries  of  energy  resources,  comirnunicatiens , 
urban  construction,  geology,  agriculture  and  forestry,  and 
planning.  It  has  undertaken  development  of  automatic  monitor  and 
cor.tr c  1  systems  and  various  series  of  remote  sensors,  converter.-, 
ana  digital  recording  system.s.  It  has  conducted  antenna  design, 
research  and  development,  performance  testing  and  flight  testing. 
i‘  has  undertaken  monitoring  and  testing  of  structural  strength, 
vibration ,  and  r.cise;  elimination  of  vibration  and  noise  damp!  31  g 
m  airborne  equipment,'  the  design,  manufacture  and  production  of 
non-standard  equipment  for  various  systems;  and  the  repan  , 
inspection  anu  installation  of  many  kinds  of  mechanical 
equipment .  The  CFTRC  has  also  taken  significant  steps  toward 
finamg  products  to  support  the  civilian  sector  and  m  the 
production  of  products  for  export .  At  the  present  time,  the 
CrTRC  is  being  reorganized  to  adapt  to  developmental  trends. 
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In  recent  years ,  the  CFTRC  has  m.ade  some  major  advances  in 
i  n  t  e  r  n  a  t  c.  ona  x  cooper  at  ion  .  Since  China’s  opening  up  to  foreign 
nations,  the  CFTR_  has  imported  much  advanced  technical  equipment 
and  sent  m.ore  than  200  students,  apprentices,  visiting  scholars 
and  engineers  and  technicians  abroad  to  work,  study,  make  tours 
of  inspection,  and  engage  m  technical  exchanges,  as  well  as 
develop'  a  close  relationship  with  their  fellow  technicians 
abroad.  In  the  past  ten  years,  the  CFTRC  has  received  store  than 
30  defecations  ana  several  hundred  persons  on  visits  of 
inspection  and  cooperation  from  lucre  than  ten  countries  including 
England,  the  United  States,  France,  West  Germany,  Sweden,  and 
Pakistan.  It  has  also  cooperated  with  the  space  research 
institutes  of  West  Germany  and  Sweden  m  scientific  research  in 
such  areas  as  flight  dynamics  and  aerodynamics  with  outstanding 
results . 
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Facing  new  trends  of  the  future,  all  employees  of  the  CFTRC  are 
fully  aware  of  the  great  challenges  they  face.  Around  the  year 
2000,  there  will  be  major  breakthroughs  in  new  aircraft 
development  in  China,  and  greater  amounts  of  new  technology  and 
new  systems  will  be  used  on  the  new  aircraft,  resulting  in  a 
stronger  emphasis  on  research  flight  testing.  From  this  we  draw 
the  following  conclusions: 

1}  There  will  be  a  tremendous  increase  in  the  number  of 
parameters  that  must  be  measured  in  flight  testing.  According  to 
statistics,  more  than  200  parameters  were  tested  m  the  1960s;  by 
the  end  of  the  19o0s,  this  figure  will  reach  1000.  In  the  1960s, 
300  parameters  were  tested  for  civilian  aircraft,  and  by  the 
1980s  the  number  was  about  3000. 


2}  There  will  be  great  increases  in  the  number  of  test  flight 
hours.  In  the  1960s,  flight  testing  of  a  new  model  required 

cijoui  /  uu  Cu  iuuu  iiuui  b  .  xu  tut  i^oub,  tUib  ndu  lncleabcu  uu 

3000  hours.  Any  delay  could  quite  possibly  mean  that  the 
aircraft  technology  would  no  longer  be  state  of  the  art,  and  that 
an  opportunity  zo  compete  in  the  market  place  would  be  lost . 

3)  There  will  be  tremendous  increases  in  the  cost  of  flight 
testing.  Using  foreign  military  flight  testing  as  an  example, 
the  average  cost  for  each  test  of  one  parameter  is  now  as  high  as 
4,400  American  dollars. 
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the  inevitable  result  of  using  large  amounts  of  new  technology 
ano  of  an  increase  in  unknown  factors. 


Facing  these  new  trends,  the  CFTRC  is  paying  close  attention  to 
developments  m  the  advanced  nations  and  striving  to  absorb 
advanced  technology  and  experience.  At  the  same  timie,  it  is 
interpreting  its  observations  m  light  of  the  situation  in  China, 
m  order  to  tame  steps  m  a  number  of  areas  to  develop  flight 
testing  technology,  improve  flight  testing  performance,  and 
reduce  the  cost  of  flight  testing  to  business.  Examples  of  these 
efforts  include  improving  the  capabilities  of  surface  simulation 
testing,  development  of  different  types  of  testing  and  research 
aircraft,  active  development  of  testing  technology  and 
application  software,  use  of  remote  control  and  telemetric 
technology  and  methods  for  determining  a  position  m  space, 
improving  live- time  monitoring  and  control  capabilities, 
improving  the  proficiency  of  data  processing,  improving  the 
organization  and  management  of  flight  testing,  and  setting  up  a 
high-quality  system,  for  safety  support.  In  its  progress,  the 
CFTRC  is  bringing  a  brand-new  look  to  China's  aerospace  industry 
as  we  meet  the  challenge  of  the  technological  revolution  m 
m o d  e  r  n  aerospace . 
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TECHNOLOGY  FOR  FLIGHT  TESTING  OF  PERFORMANCE  AND  QUALITY 


Shuyou 


This  pai'agi'aph  ShOWS  the  progress  of  the  basic  performance  flight 
tost,  tho  parameter  identif rcation ,  the  stall/spm  flight  test, 
etc.  [English  Abstract] 


evaa.uac.veij 


For  more  than  twenty  years,  the  CFTRC,  as  the  only  flight  t  estiu'a 
center  in  China,  has  flight  tested  and  performed  Qualifying 
evaluation  testing  for  basic  flight  performance  and  flight 
Quality  of  basic  trainer  aircraft,  turboprop  transports,  heavy 
bombers ,  turbofan  cransports,  experimental  aircraft  with  ejector 
seats,  variable  stability  aircraft,  and  helicopters.  It  has 
combined  a  number  of  f_icht  testing  methods  and  compiled  an 
aircraft  flight  testing  handbook  suitable  for  use  in  China.  ± t 
is  currently  beginning  testing  of  a  new  aircraft  with  a  redundan* 
flight  centre  x  stabilization  system.  ±t  is  also  carrying  out 
research  into  the  interrelationships  between  parameter 
recognition  and  aerodynamic  forces,  air  speed  system  location 
selection,  angle  of  attack  sensor  flight  calibration  and  angle  cz 
attack  parameter  recognition,  the  aerodynamic  effects  cf  w  i  n  g  - 1 1 
fins,  polar  curve  flight  test  measurement,  and  determination  of 
stall /super  stall /spin  characteristics.  V»e  will  touch  briefly  or. 
some  of  this  research  m  this  article. 


variable  stability  aircraft, 


currently  beginning  tea' 


researen  into 
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the  early  1360s,  the  CFTRC  began  thorough  flight  testing  of 


training  a  i  r  c  r  a  1. 1 


It  is  now  familiar  with  flight  testing 


techniques  for  various  types  of  aircraft.  It  is  capable  of  using 
different  flight  testing  methods  on  different  types  of  aircraft; 
examples  include  the  loop  flight  method,  photographic  method,  and 
radar  r.  ethod  for  measuring  the  airspeed  system;  use  of  the 
a  c  c  e  1  e  r  a  t  icci  m-  ethod,  r  o  t  a  1 1  o  r,  a  1  speed  m  e  t  h  o  d  ,  spiraling  r, .  e  t  h  o  c  . 
differential  adjustment  method,  and  equal  altitude  method  to 


u  e  t  e  r  r.  i  n  > 


el  flight  spi 


;  use  uf  the  acceleration 


method,  zigzag  m.etnod,  and  direct  clirrib  miethod  to  determine  the 
climb  characteristics;  use  of  the  coiriposite  characteristics  graph 
method  and  elevation  selection  miethod  to  determine  cruise  flight 
tines ;  use  of  the  single  item  and  collective  indexes  to  evaluate 
maneuverability;  and  use  of  the  differential  adjustment  m e t h o u 
and  photographic  m ethod  to  determine  take- off  and  landing 
ch aracter istics .  In  its  research  it  has  on  the  one  hand  drawn  on 
the  advanced  state  of  science  in  foreign  countries;  it  is 
currently  studying  the  dynamic  testing  technology  and  the  energy 
method  used  abroad  for  in-flight  determination  of  performance  for 
conventional,  aircraft.  On  the  other  hand,  the  CFTRC  has  also 
combined  this  with  some  of  our  own  unique  experience  and  method;-  . 


For  example ,  tae  turboprop  aircraft  flight  testing  data  normally 
is  converted  to  standard  conditions  by  using  the  differential 
adjustment  method.  However,  our  experience  has  shown  that  if 
t u r b o ~ p r o o  e n pine  characteristics  are  used  to  draw  up  an 
analog  graph  and  this  graph  is  used  as  basis  for  conversion  to 
an  analog  graph  for  aircraft  power  characteristics,  the 
conversion  is  easier  and  more  practical.  Although  dynamic 
testing  technology,  the  energy  method  and  the  single  item 
capability  flight  testing  method  can  guickly  and  accurately 
determine  overall  aircraft  performance  indexes,  it  is  difficult 
to  distinguish  the  contribution  of  the  various  factors  to 
performance.  Therefore,  we  are  beginning  to  look  into  a  number 
of  special  methods  such  as  m— flight  measurement  of  aircraft 
propulsion  and  using  non~fixed  normal  flight  measurement  of  the 
lift / drag  factor. 


In  flight  testing  for  basic  flight  characteristics,  if  an 
accurate  graph  of  the  aircraft  lift- drag  characteristics  can  be 
obtained,  a  large  number  of  take- offs  and  landings  can  be  spared, 
reducing  coses  and  shortening  tne  length  of  the  testing  periou. 

At  the  present  time,  methods  for  testing  lift  characteristics  are 
fairly  well  developed,  while  it  is  relatively  more  difficult  to 
measure-  the  drag;  drag  measurement  is  also  a  focus  of  study  in 


foreign  countries.  In  addition  to  using  the  measurement  of 
propulsion  to  determine  aircraft  lift  and  drag  characteristics , 
the  CFTRC  is  also  studying  a  method  that  does  not  use  direct 
measurement  of  propulsion  to  determine  lift  and  drag 
ha; 

netuc  ci 

determine  the  1 1 f t  ' d r a g  factor;  that  is,  it  first  establishes  a 
corresponding  mathematical  model,  selects  a 
operational  input  so  tnat  the  measured  airci 
process  includes  sufficient  amounts  of  the  data  information  to  1 
measured,  and  then  uses  the  maximum  likelihood  miethod  to  conduo 
parameter  recognition.  The  zero  lift/drag  coefficient  is 
recalculated  after  a  certain  mathematical  m.odel  is 
using  data  measured  from  stable- state  and  quasi- st; 
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For  a  long  time,  China's  flight  quality  flight  testing  has 
primarily  been  conducted  according  to  certain  foreign  criteria. 

It  was  not  until  the  early  1380s  that  China  published  a 
preliminary  draft  of  its  own  flight  quality  criteria.  The 
primary  basis  for  these  criteria  was  the  CFTRC ' s  accumulated 
materials  and  experience  from  over  20  years.  Many  researchers  at 
the  CFTRC  made  important  and  positive  contributions  m 
developing,  compiling  arid  testing  these  criteria.  Fur tuermore , 
the  fact  that  China  can  use  her  own  set  of  criteria  for  flight 


C 


quality  in  ml  it  ary  aircraft  to  undertake  iuodel  design  and  flight 
testing  indicates  that  Cnina’s  aircraft  design  has  reached  a  new 
milestone  . 

Verification  and  flight  testing  of  operational  stability 
characteristics  has  always  been  one  of  the  major  tasks  of  the 
CFTRC  because  it  has  a  direct  bearing  on  how  to  make  the  best  use 
of  the  tactical  and  technical  characteristics  of  any  given 
aircraft.  The  CFTRC  is  currently  not  only  capable  of  relatively 
satisfactory  measurement  of  a  great  number  of  parameters 
involving  basic  operating  control  stability  factors,  but  is 
currently  switching  over  from  direct  measurement  methods  to  mom- 
accurate,  more  effective,  and  iriore  rapiu  indirect  methods  of 
determining  the  flight  quality  of  an  aircraft  through  the 
calculations  of  aerodynamic  derivatives  obtained  from  flight 
testing . 
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function  iT.etriOd,  frequency  characteristics  method,  simulation 
method,  and  time- loss  method.  It  has  ~  - 
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and  the  estimation  of  initial  values  of  unknown  pararneter s  are 
also  ii  a  j  o  r  p  r  o  b  1  e  ;ii  s  for  parameter  recognition.  Currently,  sore 
countries  are  using  two  forius;  Constant  weighting  and  Weighting 
functions.  The  CFTRC  has  learned  froiTi  practice  that  the 
weighting  function  method  is  more  appropriate.  Also,  the  proper 
selection  of  the  simulation  point  to  adjust  the  recursive  initial 
value  can  irprove  the  recognition  accuracy,  and  the  use  of  the 
a east  square  method  to  estimate  the  initial  ” a lues  can  generate 
all  initial  values.  This  is  thus  a  lucre  appropriate  rnethod. 


The  development  of  flight  testing  parameter  recognition 
technology  and  flight  performance  measurement  flight  testing 
technology  by  the  CFTRC  has  already  made  a  positive  contribution 
to  the  development  of  domestic  models;  these  contributions 
include  the  satisfactory  resolution  of  such  problemis  as  the 
azimuth  static  stability  of  the  F-8  at  high  mach  speeds  and  the 
problem  of  the  dimensions  of  the  vertical  tail,  as  well  as  the 
problem  of  hypersensitivity  of  longitudinal  control  in  the  F-6. 
Especially  during  the  assessment  of  the  problem  with  the  F-6's 
longitudinal  control,  the  aircraft  underwent  evaluation  testing 
at  an  instability  of  three  percent.  At  the  present  time,  the 
CFTRC  is  conducting  research  on  new  technology  for  angle  of 
attack  stability  and  parameter  recognition. 
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The  CFTRC  is  using  free- flight  models  to  conduct  extensive 
stall/spin  testing  for  different  models  of  aircraft,  and  at  the 
sarnie  tine  is  developing  the  basis  for  more  profound  theoretical 
research.  In  its  stall/spin  testing  of  such  aircraft  as  the  FT- 
5,  F — C  and  FT-S,  it  has  obtained  a  great  deal  of  valuable  data. 
Working  togetner  with  other  units,  it  has  determined  a  number  of 
laws  governing  these  characteristics  and  summarized  the  "level, 
neutral,  yieid"  method  of  getting  out  of  a  tail  spin.  This  has 
contributed  to  improving  the  level  of  air  force  training  and 
reducing  the  number  of  accidents. 

At  tne  'present  time,  the  CFTRC  is  conducting  stall 

char ac t e r i s t i c s  tests  on  the  Y—7  and  is  actively  preparing  to 

conduct  stall / spin  tests  for  delta- wing  high-speed  aircraft. 
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CIVILIAN  AIRCRAFT  FLIGHT  TESTING  TECHNOLOGY 


Li  Ju,  Chen  Zhaozhuo 


This  paragraph  introduces  the  progress  of  flight  test 
technology  in  civil  aircraft  development  [English  Abstract] 


evaluation  testing 
capability  compan 
modi f i c a t ions  to  e 
China  did  not  have 
follow  at  that  tim 
flight  testing  ,.iet 
aircraft.  Even  so 
engine  performance 
testing  techniques 
toward  the  qualify 
application  of  the 
welcome  step  on  th 


,  the  CFTRC  had  undertaken  qualifying 
of  Y-7  and  Y-S  aircraft  designs  and  flight 
son  flight  testing  of  the  Y— 5  before  and  after 
lectronics  navigation  instruments.  Because 
civilian  aircraft  airworthiness  regulations  tc 
e,  it  was  forced  to  use  military  aircraft 
hods  for  appraisal  flight  testing  of  these 
,  the  CFTRC  made  certain  advances  in  turbo-prop 
conversion  methods  and  slow  — speed  flight 
Not  only  did  the  CFTRC  make  contributions 
mg  evaluation  for  production  and  route 
Y— 7  and  y-3,  but  it  also  took  its  first 


Between  1932  and  1334,  the  CFTRC  began  using  the  requirements  of 
the  United  States'  FAA  civilian  aviation  regulations  in  its 
flight  testing  for  flight  performance  and  stability 
characteristics  of  the  Y-8,  completing  the  highly  difficult  and 
dangerous  flight  testing  items  of  minimum  control  speed  check 
during  stall,  aborted  take-off,  continued  take-off,  and  touch- 
and-go  landing.  This  has  filled  in  the  gaps  in  the  key  engine 
power -loss  and  take-off  and  landing  performance  flight  testing 
for  China’s  heavy  transports. 
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These  were  new  tests  and  were  very  difficult.  This  flight 
testing  is  still  being  carried  out.  When  it  is  completed,  it 
will  clear  away  a  major  obstacle  to  future  civil  aircraft 
airworthiness  evaluation  flight  testing. 

In  1 S S £ ,  the  CFTRC  began  carrying  out  thorough  flight  testing  of 
the  Y-7.  The  objective  of  this  mission  was  to  elucidate  a  number 
of  safety  problems  in  the  AN— 24  which  were  detected  m  use  and  in 
powered  wind  tests  and  to  recommend  steps  to  alleviate  these 
problems.  Another  objective  of  this  rriission  was  to  provide 
reference  data  for  the  stall  flight  testing  of  the  Y-7  and  the 
development  of  a  modified  version.  The  first  stage  of  flight 
testing  for  this  plane  has  already  been  completed.  The  flight 
testing,  in  both  flight  testing  methods  and  testing  technology, 
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can  be  said  to  have  advanced  China's  civilian  aircraft  flight 
testing  to  a  new  level. 

As  for  flight  testing,  this  was  the  first  time  flight  testing  was 
conducted  according  to  the  methods  recommended  in  the  "China 
Civil  Aviation  Regulations,  Volume  25"  and  the  United  States  FAA 
"Transport  Aircraft  Standards  Flight  Testing  Guide."  Static  and 
dynamic  stability  flight  testing  was  performed.  It  was  also  the 
first  time  that  the  towed-cone  method  was  used  to  measure  the 
positional  deviation  of  the  aircraft  air-speed  system  (the 
aerodynamic  adjustment  value) .  Through  this  flight  testing,  the 
primary  data  on  the  longitudinal  and  transverse  controllability 
and  stability  were  obtained;  they  include  the  neutral  point  and 
the  dynamic  point,  the  rear  limit  of  the  center  of  gravity,  the 
aileron  performance  and  the  affect  on  landing  and  re— take— off 
performance  and  operating  stability  of  different  flap  settings. 

A  landing  and  re— take— off  procedure  for  improving  re-take— off 
per f orinance  was  proposed. 

As  for  testing  techniques,  three  iuajor  breakthroughs  were  made. 
Real-time  on-board  processing  and  monitoring  of  data  were 
realized.  A  water  distribution  system  was  used  to  adjust  the 
center  of  gravity  automatically  during  flight.  A  towed  cone 
system  was  used  to  measure  the  reference  static  pressure. 

The  real-time  data  processing  and  monitoring  system  ensures  that 
a  quick  evaluation  is  made  of  how  well  the  quality  of  the  flight 
testing  mode  is  maintained.  If  requirements  are  not  met, 
additional  flights  can  be  made  right  away,  reducing  the  number  of 
test  flight  take-offs  and  landings  and  lowering  the  rejection 
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late  lUi  u  a  l  a  . 

Development  of  the  automatic  center  of  gravity  adjusting  water 
distribution  system,  began  in  1387  because  the  manual  distribution 
system,  used  m  the  past  made  the  adjustment  of  the  center  of 
gravity  very  time-consuming  and  also  could  not  ensure  that  the 
location  of  the  center  of  gravity  was  where  it  was  required. 

This  system,  was  used  for  the  first  time  in  the  Y— 7  flight 
testing.  The  center  of  gravity  can  be  controlled  by  computer, 
storage  calculator,  by  water  level  and  manually.  In  case  of  a 
malfunction  or  an  emergency,  the  eimergency  control  system  can 
bring  the  center  of  gravity  from  anywhere  it  might  be  at  the  time 
back  to  the  normal  location.  This  system  can  also  correct  for 
center  of  gravity  deviation  caused  by  fuel  consumption,  keeping 
it  at  one  percent,  within  the  length  of  the  aerodynamic  chord. 
Currently,  this  system  can  adjust  the  center  of  gravity  at  a  rate 
of  1.55  percent  of  the  aerodynamic  chord  per  minute.  Researchers 
are  currently  making  further  improvements  to  this  system,  in  hope 
that  the  use  of  a  microcomputer  can  turn  it  into  an  independent 
system,  thus  freeing  the  on— board  computer  for  controlling  other 
features  or  systems,  and  also  accelerating  center-of-gravity 
adjustments,  thereby  increasing  flight  efficiency. 
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The  t owed ~ coije  system  is  3  static  pi'tssui'e  Etasui'in^  system  towed 
behind  the  vertical  tail.  During  flight,  this  system  can 
positron  the  static  pressure  measuring  tube  a  long  way  from,  the 
aircraft  (up  to  40  meters),  basically  avoiding  the  eff  ects  of 
aircraft  turbulence,  and  obtaining  more  realistic  environmental 
pressure  readings  than  possible  by  locating  the  pressure 
measuring  tube  anywhere  on  the  aircraft;  at  times,  it  achieves  a 
virtual  zero-level  error.  Therefore,  the  reading  cannot  only  be 
used  as  a  reference  pressure  for  correcting  the  positional  error 
of  the  aircraft  airspeed  system,  but  can  also  be  used  as  a 
reference  pressure  for  the  aircraft  aerodynamics  and  performance 
data.  This  is  especially  useful  when  putting  the  aircraft  intc  a 
stall  mode.  Foreign  countries  began  using  this  type  of  system  in 
the  137  0s.  It  is  now  being  widely  used  for  research  —  type  flight 
testing  and  for  airworthiness  evaluation  flight  testing. 

However,  this  was  the  first  time  it  was  used  m  China  for  flight 
t  e  s  1 1 ng . 

We  have  found  through  experience  that  the  towed  cone  system  not 
only  provides  accurate  static  pressure  data,  but  also  reduces  the 
error  and  improves  the  accuracy  of  flight  testing  results  because 
its  deviation  is  not  affected  by  the  flight  zone. 
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BW-1  LONGITUDINAL  VARIABLE  STABILITY  AIRCRAFT 


Zhou  Ziquan 
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itudinal  variable  stability  aircraft  is  the  first  in- 
mulation  test  research  aircraft  in  China,  modified  f r or. 
trainer  aircraft.  It  is  equipped  with  an  electro¬ 
servo  artificial  feel  system,  a  aerodynamic  variable 
system,  a  simulated  target  motion  tracking  display- 
data  acquisition,  recording  and  telemetry  system, 
a  real-time  monitoring,  recording,  warning  and  data 
g  system,  is  installed  on  the  ground  station.  BW-1  can 
or  evaluation  of  mechanics  and  control  technology,  in- 
m.ulation  of  new  type  of  aircraft,  flight  test  pilot 
and  validation  of  ground  simulation  [English  abstract] . 


i-stahility  aircraft  is 
first  m— flight  simulation  testing  research  aircraft.  It  is 
modified  from,  the  FT—  6.  Modification  work  on  the  BW-1  was 
c om.pl e ted  m  March  of  19SS.  In  October  of  the  same  year,  ground 
testing  was 
test  flight  stage, 
completed  m  1S39. 


c  o  mp1 1  e  t  e  d  . 
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At  the  present  tim.e  it  has  entereo  tuc 
It  is  planned  that  acceptance  testing  will  be 
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Extensive  miodif ications  were  made  to  the  aircraft.  The  forward 
cabin  was  changed  to  an  evaluation  pilot  cockpit.  The  rear  cabin 
was  made  into  a  fixed— state  cockpit  for  the  back-up  pilot. 

Primary  modif ications  on  the  aircraft  itself  included  the 
installation  of  an  electro— hydraulic  servo  artificial  feel 
system.,  at i  aerodynamic  variable  stability  system,  a  simulated 
target  motion  tracking  display  system,  and  a  data  acquisition, 
recording  and  telemetry  system.  The  first  two  of  these  systems 
are  ycmtly  called  the  variable  stability  control  system..  The 
ground  station  is  equipped  with  a  real-time  monitor  and  controls 
arm  recording,  warning  and  data  processing  systems. 

Among  the  flight  controls,  the  forward  cabin  control  stick  was 
converted  to  electrical  control  while  the  control  stick  in  the 
rear  cabin  remained  mechanical  with  an  electrornagnetic  clutch 
between  the  two.  When  operating  with  variable  stability,  the 
clutch  is  open.  When  the  clutch  engages,  the  variable  stability 
control  system  is  disconnected  and  either  control  stick  can  be 
used  to  control  the  aircraft.  The  steering  controls  of  the 
aerodynamic  variable  stability  system:  and  the  artificial  feel 
system,  are  connected  by  a  hydraulic  clutch  and  a  mechanical 
control  system;.  When  operating  with  variable  stability,  both 
clutches  ere  engaged  with  the  mechanical  control  system,.  In  the 


hydraulic  system,  fine  oil  filters  are  installed  ahead  of  both 
the  steering  controls.  The  hydraulic  reservoir  of  the  original 
system  was  replaced  with  a  sealed  hydraulic  reservoir  which  is 
filled  under  pressure.  In  place  of  the  original  sighting  device, 
a  target  tracking  display  was  mounted.  In  all,  136  new  pieces  of 
equipment  were  installed  in  the  aircraft.  A  compartment  in  the 
belly  of  the  aircraft  was  converted  expressly  to  accommodate  the 
equipment.  The  exterior  of  the  aircraft  is  shown  in  a  special 
color  insert  [not  included  in  translated  material]  . 


OPERATIONAL  FRINCIFLE3  OF  VARIABLE  STABILITY 
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XMUi.  C 


didyi'sn  of  tho  B  W  - 1  sys t criiiS  .  During  v*cir 

Stability  f  1  i Q hi t  t  the  Valuation  pilot  U5cS  ther  artificial  fctrl 

systeiu  to  move  the  control  stick.  The  control  signal  is  sent  tc 
the  simulation  corrtputer,  which  cal  eulates  aiid  sejido  out  the 
control  stick  movement  signals  using  the  artificial  feel 


m.a  t  hemat 


driving  the  artificial  feel  steer i i j g 
?he  trim  circuit  can  provide  the  control  rod  with 


h  n  t  s 


:or  vans 


is  speeds 


The  position  sensor  of  the  artificial  feel  steering  controls 
transmits  the  signal  for  a  change  m  stick  position  to  the 
digital  computer.  After  the  control  stick  mod e 1  in  the  aircraft 
control  system  has  been  calculated,  the  amount  of  simulated 
rudder  turn  is  transmitted  to  the  aerodynamic  variable  stability 
system ,  thus  allowing  the  evaluation  pilot  to  exercise  electronic 
control  of  the  simulated  aircraft. 


The  aerodynamic  variable  stability  system;  has  dual  capability  for 
response  feedback  and  model  following.  In  the  model  following 
system, ,  the-  control  stick  model  system;  transmits  the  simulated 


, .  j  j 

i  Ulus,  i 


to  the  mathematical  model  of  the  aircraft  being 


simulated.  The  model's  response  output  is  tracked  by  the 
simulated  aircraft's  servo  control  tracking  ring.  Therefore,  the 
operating  response  tne  pilot  perceives  is  equivalent  tc  the 


response  characteristics  of  the  s i mu 1 a t e o  aircraft.  In  the 
response  feedback  system;,  it  is  only  necessary  to  use  digital 
computer  regulating  methods  to  match  the  characteristics  of  the 
simulated  aircraft  with  the  acceleration  and  pitch  rate  feedback 


y  a  i  u  « 
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Figure  1.  Block  diaQi'a’.':  of  the  BW—  1  systems.  Key;  (1)  Display; 
(2)  Wave  filter ;  (3)  R  a  n  d  o  m  signal  generator;  (4)  Wave  filter; 

/  r  '  m.--.  _  t  „  .1:  ...n  ... _  .  /  r  \  ■»..+.*  .e  2  _  3  _  ^  _  x. /-ts 

a  ciLr;-hy  uispiaj  lc-.i,  \  C>  /  ni  Ulinai  ittx  z>y  lcj  -.i  ,  \  /  i 

Artificial  feel  simulator;  (8)  Forward  stick  movement  sensor;  (?) 
Rear  stick  mo  v e m e  n  t  sensor;  (10)  Test  signal  generator;  (11) 
Artificial  feel  steering  controls;  (12)  Trirri  installation;  (13) 
Digital  c oiT.pu ter;  \14)  Aerodynarriic  variable  stability  system; 

(13)  Variable  stability  steering  controls;  (16)  Booster;  (If; 


Aircraft;  ( 
Recorder;  ( 

...  _ _  t  ^  r-  \ 

i;.lAC  l  ,  \  <2  -J  l 

s  t a  1 1 on ;  v  2 
processing; 


Sensor;  (13)  Regulator;  (20)  Accumulator ; 


r->  _  ,  _  V. 

i  t  d  j  O  C2  CC  i  i 


}  IltaSUit:  iTi  cat.  S  y  S  t  c  i 


f  A  \  n  ..  .  ....  _  . 

\  *  **  /  ricqutiibj 


1  r  a n s  ;ti  1 1 1  e  r  ;  (26)  Transmitter  antenna;  (27)  G  r  o u  n o 

)  Warning;  (23)  Recording;  (30)  Display;  (31)  Data 
(32)  Ground  station  system. 


There  are  four  control  .nodes,  ou  the  variable  stability  control 
panel  in  the  rear  pilot’s  cockpit;  Response  feedback,  lineal' 
acceleration  tracking,  pitch  rate  tracking  and  manual  control. 
There  are  also  four  sets  of  parameter- changing  knobs  and  three- 
sets  of  speed-adjustment  knobs.  In  all,  256  parameter  sets  can 
be  loaded  in  the  computer.  Each  parameter  set  includes  48 
variable  parameters.  For  the  convenience  of  pilot  operation, 
only  four  sets  of  parameters  may  be  altered  for  each  mode  during 
a  flight. 
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The  system  is  equipped  with  a  standard  test  signal  generator 
which  can  generate  different  test  signals  as  a  substitute  for 
pilot  controls. 


The  variable  stability  systen  has  a  fault  safety  pattern.  The 
other  signal  source  generators  for  the  sensors  and  system  output 
an  use  backup  measures,  and  the  important  components  all  have 
automatic  monitoring  and  control.  When  the  aircraft's  linear 
acceleration  is  restricted,  the  major  angle  of  attack  can  sound  a 
warning.  The  forward  and  rear  pilots  both  have  emergency 
disconnect  buttons  and  switches. 


iui  emu  bKxcjLvuui  rtiiaKAfi  *~B.u  Dc  uispiaytu  on 

the  target  motion  tracking  display.  The  "TARGET"  is  driven  by  a 
signal  from  the  random  signal  generator.  The  "FRIENDLY  AIRCRAFT” 
is  driven  by  a  signal  from  the  gyroscope  platform.  The  random 
signal  generator  is  composed  of  a  white  noise  generator  and  a 
special  wave  filter .  The  time  constant  of  the  wave  filter  can  be 
changed.  The  pilot  can  use  pursuit  or  compensation  methods  to 
iii.pl eiv.o nt  tracking  flight  . 

The  rand o,7.  signal  generator  can  also  sand  a  signal  through 
different  wave  filters  to  the  aerodynamic  stability  steering 
controls  to  sit.uistt  the  effect  of  different  frequency 
at 770 spheric  turbulence  on  the  pitch  nioverrient  of  the  aircraft. 


mt  Jl  -  a-  -  _  . . 

l  i  i  ti  uc  ud  d  ^  v_Li-.ui4.ai_u. 
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sent  to  t n e  surface 
station.  The  data 
capability  of  autom 
control  syste m  t y  1 


ana  recording  of  th 
has  a  set  of  r  c- « .  ■  t 
If  an- craft  or  syst 
Hypothetical  value, 
warning  signal  tC'  t 


r,  recording  and  telemetry  systems  on  the  B*’-l 
ameters,  including  both  PCI-!  and  FM  signals, 
e  c o r d e d  on  board  the  aircraft,  and  are  also 
where  they  are  monitored  by  the  ground 
accumulator  has  an  overload  alert  and  has  tha 
atically  restricting  the  variable  stability 
muting  such  parameters  as  linear 
cf  pitch,  pitch  angle  acceleration,  angle  of 
stick  force.  In  addition  to  real- time  display 
e  various  parameters,  the  ground  station  also 
ime  warning  and  parameter  recognition  syste:'. s. 
eiv  parameters  reach  a  predetermined 
t j,e  ground  station  automatically  sends  a 
he  pilot. 


iboiihi’ 

Surface  testing  includes  laboratory  simulation  and  on- board 
surface  testing. 


The  primary  objective  of  laboratory  testing  is  to  conduct  system 
verification  and  testing,  starting  out  from  the  general  flight 
testing  program;  it  includes  performance  testing,  fault  testing, 
ano  pixOt  controx  testing.  The  testing  is  conducted  on  the  SB-6 
control  simulation  testing  platform.  Results  have  demonstrat ed 
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that  the  BW-1  has  excellent  in-flight  simulation  capabilities. 
Four  pilots  (including  one  British  test  pilot)  have  conducted 
open  loop  and  closed  loop  control  flights  on  the  simulation 
platform,  including  overload  pursuit  and  maintenance ,  attitude 
pursuit  and  maintenance,  and  target  pursuit.  They  unanimously 
felt  that  the  BW-1  is  very  effective  in  the  study  of  flight 
quality . 

On-board  overall  surface  testing  of  systems  includes  performance 
testing,  electromagnetic  compatibility  testing  and  structural 
modality  coupling  testing.  In  comparison  with  the  results  of  th>r 
laboratory  testing,  the  artificial  feel  system  and  the  system 
fault  instantaneous  mode  characteristics  show  sorrie  improvement; 
most  of  the  other  results  are  about  the  sarnie . 

The  structural  modality  coupling  testing  is  divided  into  the  open 
loop  and  closed  loop  tests.  It  uses  a  harmonic  signal  excitation 
system  to  measure  the  open  loop  and  closed  loop  frequency 
response  characteristics.  It  also  uses  a  pulse  excitation 
control  stick  to  measure  elapsed  tiitie  with  the  loop  closed.  The 
results  have  demonstrated  that  without  a  structural  filter,  or 
when  the  wave  trap  point  is  not  properly  set,  individual 
conditions  do  not  satisfy  the  NYQUIST  criteria.  After  the  wave 
trap  point  has  been  adjusted,  the  system  satisfies  the  structural 
modality  coupling  stability  requirements  very  well. 

THE  BW-1  FLIGHT  TESTING  PROGRAM 

The  flight  testing  program,  is  carried  out  is  six  steps. 

The  first  step  is  surface  taxiing.  This  is  to  check  if  the 
various  systems  are  operating  normally  following  modification. 

The  second  step  is  m.odif  ication  flight  testing.  This  is  the 
flight  testing  of  the  modified  aircraft  with  the  variable 
stability  controls  not  being  connected  to  the  aircraft ’s  main 
control  system  to  checx  that  aircraft  capabilities  and  system 
operation  are  normal. 

The  third  step  is  flight  testing  of  the  artificial  feel  system.. 
The  aerodynamic  variable  stability  rudder  is  disconnected  from 
the  main  control  system*  machinery.  The  rear  cockpit  pilot 
controls  the  aircraft.  The  pilot's  control  stick  is  released, 
and  the  front  cockpit  pilot  conducts  feel  control  with  artificial 
feel  characteristics.  Other  parts  of  the  variable  control  system 
are  put  into  operation.  Initial  checks  are  imade  of  the 
operations  of  the  electrical  systems. 

The  fourth  step  is  the  flight  testing  of  the  quasi-closed  loop 
system.  The  system*  is  put  into  operation  in  its  entirety. 
However,  the  linear  acceleration  sensor  and  the  rate  of  pitch 


gyroscope  feedback  gain  are  set  at  almost  zero.  The  system  is 
about  the  same  as  an  open  loop.  Further  testing  is  done  on  the 
operation  of  the  entire  system.. 

The  fifth  step  is  the  closed  loop  flight  testing  of  the  variable 
stability  control  system.  It  is  gradually  expanded  to  the  ranges 
of  the  overall  design  capabilities  and  the  limits  to  which  the 
parameters  can  be  varied. 

The  sixth  step  is  practical  flight  testing  of  the  variable 
stability  aircraft. 

i  COT  rn  t  >  r  n  nn  m  TTri  nrt  -1 
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Operations  in  the  following  areas  have  recently  been  developed 

■C  .  ...  4.  U  -  q  r  ■» _  "1 

iui  Liie  D  m  “  J.  . 

1.  Training  flight  testing  personnel.  Using  a  variable 
stability  aircraft  to  train  test  pilots  is  an  effective  it; cans  of 
keeping  firm,  control  of  the  flight  quality  flight  testing 
technique  and  evaluation  of  methods. 

2.  Flignt  quality  research,  especially  research  in  flight 
quality  of  aircraft  with  electronic  controls. 

3.  In-flight  flight  simulation  of  new  aircraft. 

4.  Research  into  control  technology.  The  BW-1  uses  digital 
electronic  controls  which  can  be  used  to  conduct  research  into 
digital  control  technologies  such  as  control  pattern  design, 
selection  of  sampling  rates,  software  design,  and  insensitivity 
design.  In  addition,  with  slight  modifications,  it  can  also  be 
used  for  lateral  rod  control  research. 

3.  Verification  of  ground  flight  simulation. 
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in  April  of  this  year,  the  Chr,.a  Flight  Test  Research  Center 
{ CFTRe /  Ccicbiatcu  its  thirtieth  anniversary. 

During  these  thirty  years  of  difficult  pioneering  work,  CFTRC  ha 
completed  government  qualifying  evaluation  flight  tests  on  tore 
than  ten  types  of  airplanes  and  engines,  flight  test  evaluations 
of  several  hundred  items  of  aviation  equipment  and  systems ,  and 
over  two  thousano  scientific  projects.  According  to  1387 
statistics,  CFTRC  nas  won  a  total  of  three  national  invention 
prizes,  thirty  other  awards  at  the  national  level,  37 
. i n i s t e r i a x - 1 e v e  1  awards,  ano  six  provincial- level  awards. 

CFTF.C  has  become  a  2,000  —  strong  scientific  and  tecnnologicsl 
research  team.  Team  members  include  nearly  300  high-level 
scientific  a n g  t e c h n o 1 o g i c a 1  workers ;  highly  trained  and 
expert  enced ,  hard  working  and  conscientious,  and  showing  a  bolo 
spirit  cf  adventure  j  n  their  investigations,  they  have  made 
valuable  ccntr ibutior.-,  in  establishing  China's  aviation  f right 
test  research  base  anc  in  developing  th-  work  of  fright  test 
research.  Wang  Ang ,  Hua  Jun  and  Kuang  Bingxing-  —  the  her-es  of 


f  r  i  q  n  t  z 

e  s  ting 

are  outs 

tanning  representatives  of 

these  7:  ■ 

CFTRC  is 

e  n  i  n  n 

1  s  is  China' 

s  central  organization  for 

a  v  i  a  1 1  o  n 

research  fright  testing  and  qualifying  evaluation  flight  testing 
for  t  e- chnc  loir  Ce.  1  aviation  equipm.ent .  Under  the  new  infxuence  o 
the  reform.  p>Cxicies  to  open  China,  the  Flight  Test  Center 
anticipates  an,  even  b r i g r. t e r  future. 
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6 iv oi' s I ic n  cf  the  40th  anniversary  cf  the  People's 
i c  f  to  publicize  our  success  i n  u u 1 1 u i n q  China's  a v i a z i o 
r y ,  ano  to  enccuraoe  international  exchanyc  m  the  fi-.lo 
on  science  a  no  t  e  c  h  no  1  o  u  y  ,  cur  editorial  s  t  a  r  f  has 
r. c  u  this  aroui*  on  essays.  We  hope  readers  in  China  an  u 
V7 1  i  *  fine  the  r.  interesting  . 
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In  the  proCcS s  of  now  a i r c i- £ f  t  development,  it  is  necessary  to 
accurately  measure  the  vioration  level  and  model  and  to  find 
flutter  phenomena  to  guarantee  flying  safety.  The  testing  and 
Measuring  methods  anc  cguipsett  used  by  the  Center  and -work  done 
so  far  arc  described  i.  English  abstract]  . 
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Flutter  is  a  self  — induced  vibration  produced  from  picking  up  tiu 
energy  from  tr.e  oncoming  flow  of  air ,  linking  the  airplane  ’  s 
structure  and  its  degree  of  independence.  Wnen  flutter  occurs 
u  —  r in r  f  i i g r. t  .  t n e r  e  is  often  the  possibility  of  s ono n s 
accidents.  In-f_ignt  flutter  experimentation  is  not  restricted 
by  smpiir  iec  h  y  p  c  t  h  e  s  e  s  ,*  it  tcasures  actual  data  with  a  r ea¬ 
st  i u c t u r e  gurmg  real  flight  conditions  m  order  to  o e t e r in i n e  a 
new  plane's  resistance  to  flutter.  This  is  thus  a  key  concept  : 
e  v  aquation  z  1 1  g  h  t  t  e  s  1 1  n  o  of  new  aircraft. 


—  •  iitiab  lii  r  *  1  U  i .  c  v  .bi  utiCu 

*11  foreign  c o u n t r i e s  ,  the  standardization  of  i n - f  1 1 g n t  vibration 
'.measurement  was  achieved  early.  In  the  American  military's 
standards  relating  to  environmental  experimentation,  published  m 
iSij,  it  is  clearly  stated  that  it  is  necessary  to  undertake  in¬ 
flight  vibration  measurement  to  ensure  the  struc  furs  of  the 
fuselage ,  the  components,  the  equipment  and  the  crewr  would  not  be 
affecteg  o y  excessive  vibration  that  was  capable  of  causing 
structural  fatigue,  loss  of  responsiveness  in  equipment,  and  a 
lowering  of  the  c r e w7 ' s  working  efficiency. 

Tr.e  testing  system  for  measuring  vibration  is  basically  composed 
of  sensors,  amplifiers,  recording  devices  and  analytic  devices. 
Currently,  the  Flight  Test  Center  has  at  its  disposal  a  variety 
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pass  ana  low-pass  wrave  filters,  magnetic  taps  recorders  that  can 
b a  used  f  o r  m  c  x e  a  fr  c^Ucuiv  recording  ,  and  many  d  i  y  1 1  a  1  s  i  g  i .  a  1 
analysis  systems  capable  of  carrying  out  the  task  of  data 
processing  for  environmental  vibrational  measurem-ent  and 
bombardment  vibration  m  all  kinds  of  aircraft,  as  well  as  for 
vibr a 1 1 on — e  1  i'v.ma 1 1 on  test  flights. 


<T>  A  _  a.  n  A  rr-.  _  4.  A  —  _ 

Inc  riig.,t  xcet  ccnccx  naa 

vibrational  measurement  on 


already  implemented  in— flight 

six  aircraft,  including  China's  F  -  6 


and  B  -  C  ,  investigating  the  vibrational  environment  of  these 
planes  m  order  to  provide  data  for  the  development  of  new  planes 
and  for  establishing  standards  for  vibrational  envir  O  il  :Tl  1  i  t. 


testing  of  on-board  equipment.  In  addition,  it  has  also 
performed  b o  m bard m e r. t  vibration  measurements  on  three  types  o.t 
aircraft ,  including  the  F— 7  II,  clarifying  the  bombardment 
vibration  environment  of  these  models.  Most  recently,  it 
provided  reference  data  on  the  vibrational  and  boitibar dment 
environment  for  me  relevant  locations  during  the  course  of  an 
engineering  project  involving  re— equipping  of  the  fire  contra.. 


system  in  new  me  do  a  planes.  In  me  area  c f  e  1 1 m i n a 1 1 n g 
vibration,  it  n a s  undertaken  anti— vibration  flight  testing, 


d e s i c n s d  to  provide  data  to  e i i n i 

v ibritior.  i r.  t r e  r  e r. f  a  .translate 
meters'  ,  for  the  s  u  p1  e  r  s  o  n  a  c  1  o  n  g  a 
sideways  slipping  and  nose  e 1 e  v  a  t 

0  . .  A  c~  c  A  a  _  A  c  Ar  A  >-■  c  a*  AVI  A  n  c  D  U  a 

i  r.  the  3  K  -  Z  ,  a  n  d  f  o  r  vibration  i  n 


Hate  excessive  vibration,  for 
r a 1 1 o n  j  —  5 3 0  metal  propc  ^ 1 es  a  .  _ 
tudmal  shaking  and  the  sudden 
ion  m  the  F-S,  for  vibration  in 
reequipped  motor ,  for  vibration 

n.  _  t  —  —  J  -  _  - 

me  r  o  i  aii-spceu  luut  . 


3  .  I  n  —  r  a  a  g  r.  t  Flutter  E  x  p  e  r  i  mt  e  n  t  a  1 1  o  n 

I  h  e  first  i  r.  —  f  _  a  g  n  t  f ..  u  1 1  —  r  e  x  pi  e  r  a  m  e  r.  t  took  place  i  n  1333,* 
critical  i n - f a i g n t  flutter  testing  technology,  with  its  large 
e  a  e m  e r. t  c c  danger,  was  abandoned  early,  gradually  u e v e  j. c p i n  c  arm  c 
sub  — critical  f iicrnt  flutter  testing  methods  with  other  linked 

_  1-  ££.'.'  .  £ - -  r  1  ..  .  .  .  ..  _  a  .  .  J  .  .  .  _  A  -  -  £ . 

-eed.te  a. .a  a  —  c  —  —  ■_  a  a  i  ,  a  a  a  X  u  a  lei  e  auUj  ae  IncAi  .UuJiAei  1^1. 

(suer  as  t  .'i  e  c  r  e  1 1  c  a  flutter  an  a  ±  y  s  a  s  ,  sms  1  i  -  scale  f  x  u  1 1  e  i  o  o  e  a 
wind-tunnel  experiments,  and  surface  resonance  experiments) , 
using  a  variety  of  advanced  equipment  and  instruments  and  itany 
h  i  g  h  -  s  P'  e  e  o  ,  h  i  g  li  —  a  c  c  u  r  a  c  y  data  analysis  techniques.  Currently, 
test  —  flight  flutter  experimentation  abroad  is  considered  an 

ind  ISpciibdbx  e  i  t  6:"  li.  the  evaluation  Of  H6W  a  IT  C I  a  f  t  ,  in  Oi'dc  1'  t  C 
y  adi' dUtcc  that  iiU  aC  t'ual  liiTiitCiny  1'  du^eS  HO  ct6  rodyHcuYii  C 
elasticity ,  acl  od  yiiai.iic  servo  elasticity,  aerodynamic  hot 
elasticity  or  otner  conditions  leading  to  instability  wr  1 1 1 
occur . 

In  China,  as  our  aviation  industry  m,oved  from,  imitation  to  its 
own  design,  our  derivative  flutter  studies  also  gradually  evoxv^c 
into  a  system .  Test-fxight  flutter  experiments  began  in  the  G Os. 
a  no  ciic  by  cr.e  solved  technological  problems  m  the  fields  of  the 
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.t  can  be  seen  croc  t nis  that  the  Flight  Test  Center  net  on^y  has 
a  nature  ur. oers tanging  of  vibration  flight  test  technology  for 
fighter  a n ;  a  1 1  r.  a  k  pi  a n  c  s  ,  but  w 1 1 1  soon  develop  f  1 1  g n  t  test 
v  i or  a  1 1 :  n  erepe  r  ir.-nt  s  for  large  and  itediun- size  transport  planes, 
..  ar.xi.o  -:i  -  03.  t  x.' i  b  li i  T’ t  C'  t  .*.  e  develop*  ent  of  new7  rode-!  aircraft  . 
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Hu  Ycngyuan 

Fallowing  the  completion  of  the  work  of  reorganizing  the  former 
CAaC  Chengdu,  Shanghai,  and  Beijing  Administration  Bureaus 
according  to  the  reform,  policy  of  separating  government  ancs 
business,  CAAC  announced  in  Xian  on  23  April  of  this  year  that 
the  original  Xian  Administrative  Bureau  has  been  reorganized  as 
the  Northwest  Administration  Bureau,  the  Chinese  Northwest 
Airline,  a n ci  the  X i g u a n  Airfield;  in  the  near  future,  after  a 
period  cf  trial  operation,  official  operations  will  begin. 
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The  powerplant  flight;  test  research  is  one  of  important  tasks 
under taken  by  CFTRC .  In  the  article  the  authors  present  the 
progress  and  scientific  activities  in  this  field  during  the 
recent  30  year's  [English  abstract]  . 

Test  flight  research  for  aircraft  powerplants  is  an  indispensable 
link  in  tne  work  of  developing  engines.  In  foreign  countries, 
the  amount  of  time  m  the  developmental  cycle  of  aircraft  engines 
represented  by  powerplant  flight  testing  basically  is  equivalent 
to  the  total  time  devoted  to  powerplant  design  and  development. 

Xu  China ,  two  to  three  years  are  generally  reguired. 

There  are  two  objectives  m  powerplant  flight  test  research:  The 
first  is  to  undertake  qualifying  evaluation  test  flights  for  new 
engines  on  oehalr  of  the  state  and  to  test  whether  the  new  triCiii 
has  ac nievea  the  requirements  of  the  design  specif ications  uncer 
conditions  of  actual  use,  as  well  as  to  test  whether  the  design, 
ce  v  e  j.  opt  on  t  a  ..  ,  am  experimental  standards  are  in  conformity  wit  n 
reality.  The  seocnc  objective  is  to  develop  specialized  test 
flights  and  pre-research  test  flights,  in  order  to  supply 
r e_ i at  1  e  cata  for  the  im.provement  of  the  new  design  and  model, 
r  or  this  reason ,  flight  test  researen  is  not  only  the  last  phase- 
in  the  development  of  new  engines,  but  marks  the  beginning  of 
research  for  new  engine  models. 
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For  the  past  thirty  years,  CFTRC  has  shouldered  the 
responsibility  of  national  Qualifying  evaluation  test  flights  for 
all  Kinds  of  powerplants.  It  has  also  completed  many 


investigatory  flight  test  projects,  providing  a  set  of  p>owe  rpl  a: 
f .Light  testing  methods  and  measurement  technology,  as  well  as  a 
iuli  series  of  frying  test  planes  and  surface  simulation 
equipment ,  all  appropriate  to  China's  individual  conditions. 

The  most  important  of  the  Center's  powerplant  flight  test 
resear On  projects  include ; 

o  Adjustment  and  qualifying  evaluation  test  flights  for  new 
engines  and  powerplant  systems; 

o  experimental  r e s e a r c r.  on  engine  flight  loads; 


research  test  fliyhts  for  a  variety  of  engine  systems  anc 


research  flights  for  new  oix  products; 
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o  ground -based  simulation  and  environmental  research  for 
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C  v  c  i  the  past  thirty  years ,  the  Flic'ht  Test  Canter's  scientific 
research  test  flight  activity  in  the  area  of  power-plants  has, 
broadly  speaking,  crone  through  three  phases;  A  period  of 
formation,  a  period  involving  principally  Qualifying  evaluation 
tas.es  am  a  period  of  emphasis  on  special,  problems  eno  ba^i^ 
research.  Over  twenty  models  of  planes  have  been  tested,  and 
over  thirty  engine  models  have  been  test  flown;  over  3CC  flight 
testing.'  projects  nave  been  carried  out.  The  most  significant 
scientific  successes  were  achieved  m  the  following  areas: 


1.  Special  Test  F_ignt  F.esearcr.  on  the  Working  of  Powerplants 

Al -  engines ,  both  these  which  China  has  copied  and  those  which 
China  nas  developed  on  its  own,  have  all  been  subjected  to 
spec ia^  working  test  flight  research,  including  the  study  of  mid¬ 
air  starting  capabilities,  special  throttle  acceleration 
research,  research  into  engine  operation  during  weapon  launching 
research  cr.  working  stability  of  engines  {gasping. 'snudderi'ng 
c ha r ci c  t c  r i s 1 1 c s  )  ,  experimental  studies  on  the  working  Quality  of 
the  afterburner  fuel  chamber ,  icing  experiments  on  engines  and 
propellers ,  vibration  experiments,  the  study  of  engine  operating 
systems,  indicator  systems,  automatic  adjustment  systems,  and 
cooling  and  ventilation  systems,  and  similar  special  research  of 
a  practical  nature. 

Of  these  items  cf  research,  mid-air  starting  and  weapon  launching 
are  important  topics  with  a  relatively  high  level  of  risk.  Since 
the  60s  ,  we  have  performed  many  mid  — air  starting  experiments  on 
prototypical  aircraft  and  flying  test  beds  on  series  including 
turbojets  and  turboprops,  and  special  test  flight  research  on 
h ic'h- s pe c i f i c  gravity  fue^s  and  fuel  starting  limiting 
conditions.  In  over  ten  projects  on  mid-air  start— up,  in 
addition  tC'  verifying  the  engine's  starting  limits,  we  undertook 
a  wide  range  cf  research  on  start-up  under  all  sorts  of  working 
conditions  (such  as  head-on  start— uo,  start— up  at  supersonic 
speeds,  high-pressure  start  —  up,  low-speeu  start— up,  start  —  up 
under  a  variety  cf  flight  attitudes,  start— up  with  engines  at 
various  cegrees  of  coldness,  and,  for  twin  engines,  start—  up  with 
the  left  and  right  engines  m  different  working  states.  From, 
this  research,  we  have  been  able  to  provide  scientific  data  f o r 
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r_ight  cre"s  or.  la ov  to  m. 610000  t It 0  cr itical  moment  of  stcit-  op 
our  lit  o  slight  and  establish  reliable  starting  conditions,  thus 
ensuring  safe  operation.'  we  have  also  furnisheu  data  for 
improving  starting  systems.  Beginning  in  the  70s,  we  have  been 
using  low- inertia  therir.ocoup  ling  and  other  dynamo  state  sensors, 
as  well  as  hign- speed  photometr  10  methods  to  study  the  effects  of 
cn-bc arc  artillery  and  missile  launching  on  the  working  of  the 
engines,  as  well  as  the  reasons  behind  gasping /shuddering  and 
stalling,  and  have  obtained  much  experimental  data.  These 
important  research  projects  are  currently  still  being  pursued  m 
g  r  e  a  ter  d  c p t  n . 

t~  .  3 p  0 0. 1  a _  Resea rc*.  on  Engine  Capabilities 
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to  investigate  t n 0  e x t e- r n a  1 
m e a s u r  e m e r. t  method,  "  we 
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surcessf ulxy  developed  the  water-cooled  rake.  On  three  kings  of 
turbojet  engines ,  wc  undertook  performance  characteristic  test 
iii5.1t;  ,  and  obtained  relatively  accurate  high-speed  capability 
readings  wmle  using  full  and  partial  afterburning  under  maximum, 
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Experimental  Study  uf  Flying  test  beds 


Flying  test  beds  are  principally  used  m  debugging  test  flig'hts 
es  and  for  special 
experimental  plane.  On 
the  being  pi. 
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A  flying  test  bed  constructed  by  refitting  a  B-6  was  placed  in 
use  in  .i.  3  7  0 ;  after  many  years  of  improvement ,  the  flying  test  bed 
is  now  equipped  with  frequency  modulation  and  digital  recorders, 
remote  control  systems ,  and  real- tine  monitoring  systems  m eating 
international  standards.  It  nas  greatly  raised  the  effectiveness 
ter- 
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On  tne  flying  test  bed,  we  have  already  completes  debugging  test 
f-ignts  and  special  test  flights  for  two  kinds  of  turbojet  series 
and  many  kinds  of  engines.  It  is  worth  mentioning  that  a 
comparison  witn  surface  high- elevation  platform  testing  results 
has  solved  controversial  problems  such  as  excessive  engine 
gasping /shudder  mg ,  resulting  in  significant  financial,  benefits. 

j- n  order  to  expand  the  scope  of  the  use  of  flying  test  bees,  m 
the  early  SCs  we  studied  an  engine  that  had  been  tested  using  tho¬ 
rn-flight  afterburning  drag/rotational  method,  supplementing  the 
insufficient  speed  and  altitude  range  of  the  B-6  airplane. 


4.  Study  of  Compatibility  Between  Air  Passage  and  Engine 

In  the  last  ten  years,  we  have  undertaken  experimental  studies  on 
the  r  -  /  ano  F-8  airplane  models  on  topics  such  as  the  optimum, 
a  a  j  u s  t  m. e  n  t  pattern,  patterns  of  air  intake  change,  wave  system 
organization  and  f±ov  charts  for  air  intakes,  stable-state  flow 
field  distortion  cnarts  for  air  intake  exhausts,  and  axially 
symmetrical  air  intake  pressure  distribution  and  wave  system 
structure  at  large  angles  of  attack.  To  carry  out  dynamic 
distortion  studies,  we  designed  a  48-point  dynamic  pressure  rake 
with  a  six-point  star  configuration  and  a  measurement  system,  and 
successfully  measured  the  parameters  for  the  exhaust  crose- 
section  d y r. a m ic  distortion  f ±ow  f i e ± u  of  the  air  intakt. 

In  the  area  of  processing  data  on  the  stable- state  distortion 
indices  and  the  stable-state  distortion  charts,  we  have  also 
prepared  software  for  calculating  the  indices  and  drawing  the 
i  n  t  a  r.  e  flow  f  i  e  ±  d  isobars  and  i  s  o  p  1  e  t  h  s  . 
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it  devices  incindc  a  small-scale  ,  n o n - c o n t a c t 
) i*  t it e  m  easure .a e n t  of  t It e  t e rr. p e l  a t u it e  ,  s  1 1" e  s s 
i c v s  rotating  at  high  speeds,  as  well  as 
iasurerr.ent  egu  i  pmen t  (capable  of  reading  2 COO 

■  e  temperature  measurements  on  blazing— hot 

■  iu r n er  c c ttu s 1 1 on  gases  at  the-  nozzle-.  X n 
relopitent  of  research  on  the  data  for  engine 
*c  data  bank  is  obviously  a  great  necessity. 


“esting  of  Engine  Fuel  Systems 
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the  earliest  prograir  =.  dev;  icpcd  in  the  area  of 
search  for  powerplants.  For  30  years,  not  only  has 


As  early  as  fifceon  years  ago,  fuel  which  we  researched  and 
developed  on  our  own  and  lubrication  compensation  systems  filled 
gaps  m  tne  field  of  experimental  weightless  aircraft,  making  a 
contribution  tc  the  development  of  our  aerospace  industry. 
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r  x  ly  n  c  cen 


tel*  has  used  a  variety 


of  expe  riment  a_  devices  to  carry  out  many  series  of  large- seal.: 


surface  simulation  experimentation*  These  experiments  are  not 
o n _  y  a u x i j.  i a r y  m e a s u r e s  for  test  flights;  a  high  proportion  of 
t n e m  arc  a_sc  a  component  cf  flight  experimentation.  For 
exaiT.pl e ,  consider  hign-altitude  fuel  system  experiments:  It  is 
possible  tc  simulate  on  an  experimental  platform  an  altitude  of 


possible  t c  simulate  on  an  e 
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it  fuel  temperature  equivalent  to  80°  C.  It 


is  also  possible  to  perform  simulation  experiments  for  high- 
elevation  fuel  pump  air  clocks.  Through  exper  imientation ,  it  has 
been  possible  to  establish  a  standard  experimental  method  for  the 
comprehensive  evaluation  of  fuels. 


In  the  area  of  surface  simulation  experimentation  for  engines, 
the  Flight  Test  Center  currently  has  the  trial-run  capability  for 
achieving  a  variety  of  objectives.  An  open-air  standard  test 
platform  witn  side-wind  equipment  has  been  placed  in  service. 


me  5iue~Kiiiu  is  adjustable,  up  to  a  maximum,  of  3G  r  /sec, 

and  wind  direction  can  be  selected  from.  0°  to  360°;  th 


source  diameter  is  five  meters.  This  20  —  ton  class  open  — sir 
platform  will  become  the  standard  test  platform  for  undertaking 
calibration  of  engine  thrust. 

For  over  ten  years,  m  the  area  of  engine  environmental 
simulation  experimentation,  we  have  been  carrying  out  experiments 
such  as  engine  icing;  collisions  with  birds;  smoke,  water  and 
sand  inhalation ;  and  damage  by  external  objects.  All  tests  have 
been  successful  and  filled  gaps  in  China's  capabilities. 

In  the  area  of  the  effect  of  engines  on  the  external  environment . 
the  Flight  Test  Center  has  successfully  undertaken  research 
sampling'  and  analysis  of  aerial  combustion  gas,  real-time 
sampling  of  gun  chambers,  and  atmospheric  analysis  at  airports. 

In  the  work  of  atmospheric  pollution  component  analysis,  it  has 
been  granted  full  monitoring  privileges  on  behalf  of  the  national 
envn  onm.ental  protection  office. 
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FLIGHT  CENTER’S  FLIGHT  SIMULATION  DE\ 


Kang  Disn  Chen 


The  constitution  and  function  of  SB-6  flight  control  simulator, 
SB-100  air  cor.. bat  flight  simulator  and  SB  — 300  flight  training 
s uvula tor  at  CFTRC  are  presented.  [English  abstract] 

At  CFTRC,  flight  simulation  has  become  an  inseparable  part  of  the 
work  of  flight  test  research.  Its  main  functions  include;  1)  To 
retrain  test  flight  personnel,  2)  to  provide  technical  training 
for  test  flight  personnel,  3)  to  review  and  eliminate  mid-air 
breakdowns,  4'  to  carry  cut  special  research  and  investigate 
topics  concerning  limits,  and  5)  to  perform:  research  into  test 

£1  J  _  £>_ 
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CFTRC  has  always  emphasized  the  deve lopm.ent  of  flight  simulation, 
and  has  actively  undertaken  the  construction  of  simulation 
installations .  Furthermore,  it  has  used  these  installations  for 
ever  4.  smu-stior.  experiment  projects  on  nine  kinds  of  aircraft 
sc  _ving  many  prob_et s  m  the  area  of  flight  Quality.  We  would 
now  like  to  give  a  concise  description  of  three  of  the  Center’s 

sulid  ,c  i  x  j.  g . .  l  sx.'.uirtws. 


The  3  E  —  6  F 1 1 c  h  t  C  o  n  t  r  o 1 
o i ; . . abater  .  Tne  SB  —  b  is 
cor.posed  chiefly  of  the 
platform ,  the  simulating 
computer ,  the  instrument 
s  i  v  u  1  a  1 1  o  n  s  y  s  t  e  t  L  — 

tracking  display  system. ,  the 
m  <■  a  sure  n  «nt  s  y  s  t  e  m.  and  t  h  e 
cc rr e spend i ng  electrical  and 
hydr  aulic  pressure  supplies  . 

ii.c  pia  iuji  j.b  ct  ^uiitiUi. 

s  i'mu  j.  a  1 1  on  platform  using 
t  n  rtt  c  It  a  n  n  els;  tne  c  o  n  t  r  o  1 
system.  components  of  any 
kind  of  aircraft  can  be 
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system,  para ,u tiers  (including 
the  rotation  ratio,  the 
friction,  the  weight  of 
unequal  masses,  gaps,  rigidity,  mass,  aerodynamic  hinge  moment) 
can  be  conveniently  adjusted.  This  makes  the  simulator  adaptable 
t  j  tne  characteristics  of  the  control  system  of  the  simulated 
aircraft  (See  Fig.  1).  The  simulator  computer  is  a  mid-size 
simulator  computer;  it  is  also  equipped  with  two  non— linear 
devices.  The  tracking  display  system  is  controlled  by  one 
single-board  microcomputer,'  negative  pole  radiation  tube  and 
d i a i f a x  tube  display  are  used.  On  the  fluorescent  screen,  tne 
"enemy  plane"  is  a  circle  with  an  adjustable  diameter,  atle  to 


Fig.  1.  The  SB— 6  Flight  Control 
Simulator 


o  ± 


f.OVe  an  xiOi'e  than  teH  patterns  Selected  by  a  SWitch.  "Our  plane 
as  a  Section  of  line,  moving  according  to  the  tested  plane's 
angles  of  pitch,  inclination  and  yaw.  During  testing,  the  pilot 
controls  "our  plane"  in  tracking  the  "enemy  plane. "  After  the 
line  overtakes  the  circle,  when  the  firing  button  is  pressed  on 
the  pilot's  stick,  the  "enemy  plane,"  when  hit,  grows  bright  and 
flashes.  The  digital  tube  display  outputs  the  number  of  hits. 

The  computer  also  makes  it  possible  to  calculate  tracking 
effectiveness . 

The  SB- 6  may  be  used  to  test  the  control  characteristics  of 
aircraft,  and  evaluate  operating  systems  and  post-integration 
flight  quality.  It  can  be  used  to  detect  and  eliminate 
deficiencies  and  malfunctions  m  operating  systems. 

t-s  i  a  a  -  .  .  r~>  „  _ v.  -  i— >  a  0  x. 
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composed  of  the  platform, 
the  seating  c  on.  part  men  t  ,  the 
ins t rumen t  s ir.ui a 1 1 on 
system,  the  see  n  e i y  v i e  w i n  g 
syste;.. ,  the  targez 
simulation  system,  the 
acoustical  simulation 
system,  the  computer  system,, 
and  the  corresponding 

cxt.tx^uax  ana  ^yulaui.. 

pressure  supplies.  The 
platform  is  a  general 
( mui t ipl e -purpose }  contr  ol 
simulation  platform  equipped 
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p  ossil.c  to  imp  lenient 
physical  simulation  of  the  plane  being  tested.  On  the  platform 
are  installed  tc.e  components  of  the  airplane  operating  systemi; 
the  mam  parameters  of  the  operating  system  are  brought  into  line 
with  those  of  the  airplane  being  simulated,  thereby  giving  the 
sensation  of  tne  deflection  of  the  plane's  rudders  and  of  pilot 
operation.  The  seating  compartment  is  installed  on  a  fixed 
horizontal  platform;  by  means  of  changing  the  arrangement  within 
the  compartment,  it  is  possible  to  convert  the  compartment  easily 
so  that  it  resembles  the  cabin  of  the  airplane  being  tested. 

The  scenery  viewing  system  is  chiefly  composed  of  a  ground/ sky 
scenery  rotating  platform  and  a  10— meter— diameter  hemispherical 
screen.  The  ground/sky  scenery  rotating  platform  is  a  point- 
light-source  structure  with  six  independent  double-painted 
spheres.  The  ground/sky  scenery  rotating  platform  is  controlled 
by  the  airplane's  attitude.  The  light  emitted  by  the  point-light 
source  passes  through  the  painted  sky  scenery  and  the  ground 


Fig.  2.  SB  — 100  Air  Co.ubat  Flight 
Simulator 


scenery  spheres,  and  is  projected  on  the  hemispherical  screen 
forming  a  lifelike  skyscape  and  landscape  with  a  horizon.  It 
he  used  as  a  background  for  flexible  aerial  flight  simulation 
tracking  targets. 


w  an 
and 


syste.:.  uses  a  three-dimensional  taryet 
independently  moving  structures, 
photographed  by  a  camera  and  projected  by  a  projecting  television 
on  a  1 — me t er — diame t er  hemispherical  screen.  The  motion  of  the 
target  can  be  controlled  according  to  a  fixed  pattern,  'or  by  the 
target  operation  platform,  with  control  undertaken  after  the 
corresponding  position  and  attitude  of  the  sirculated  plane  has 
been  calculated  by  the  main  computer. 


The  target  simulation 
mooel  operated  by  six 


The  acoustic  simulation  system  uses  composite  sound  technology 
am  is  able  to  simulate  the  sound  produced  by  an  engine,  the 
sound  of  the  x an ding  gear  being  retracted,  etc.  It  is  user  t 
intensify  the  reality  of  the  simulation. 

The  ccmputer  system  includes  the  computer,  the  interface ,  and  the 
software .  Tne  software  includes  the  application  programs 
composing  the  flight  system.,  the-  engine  system,  the  scenic 
system.,  the  target  system,  the  instrument  system,  and  the  acoustic 
system,  as  weix  a-  t  real- time  operating  program,  and  a  variety  of 
m o  net  o  r imm  p  r  c  ora  s , 


pxai.it  x  1 1  »  n  e  r. 

t  r  a  c  x  i  m.  g  pert  o  r  m 
cap  abi  ity  a no  i 


the  SB-100  is  to  study  the  flight  quality  of 
and  B  flight  phases,  target  interception  arid 
ante  in  aerial  combat,  and  flight  control  system 
ts  effects  on  flight  quality. 
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The  SB— 300  Flight  Training 
3im.u_atoi  is  ccm.posed  basically  of  the  seating  compartment  ,  the 
instrument  simulation  system,  the  sound  simulation  system,  the 
s  c  t  n  e  r  y  system.,  a  mi  c.  t 
seating  compartment, 


computer  syst. 


■angement 


its  interior  environment,  is  entirely 


i  d  e  n  1 1 


w 1 1  n  the  airplane  cockpit;  it  uses  a  changeable  c  o  c  k  p i  ■ 


control  stress  loading  system,  to  give  the  pilot  the  sensation  of 
control,  offering  the  main  computer  control  displacement.  The 
entire  seating  chamber  is  placed  on  a  four-wheel  vehicle. 


For  the  scenery  system,  a  computer  iir.agmg  system:  is  used,  with 
t hr e e — channe 1 ,  three— window  virtual  image  display.  The  vertices 
angle  of  the  field  of  vision  is  30°,  the  horizontal  angle  for  the 
fie^-d  of  vision  is  120°,  and  the  brightness  is  20.6  candles/m*. 
The  frar.ie  frequency  is  23  f ramies/second .  For  each  channel,  it  is 
possible  to  display  3C0  planes  and  1600  points  of  light.  It  is 
possible  to  simulate  day,  dusk,  and  night  settings,  and 
visibility  is  adjustable.  The  scope  of  the  ground  scenery  is 
64x48  square  kilomieters.  A  partial  three-dimensional  ground  grid 
and  a  three—  dimensional  target  plane  are  provided.  The  sound 


s imulation  system  is  corparablt  to  that  of  the  SB-10C.  The 
computer  system  includes  computer,  interface  and  software. 

The  chief  use  of  the  SB- 300  is  train my  test  flight  pilots  and 
undertaking  phase  C  flight  quality  research.  Thanks  to  the  ease 
with  which  the  seating  compartment  and  a  portion  of  the  software 
can  be  changed,  it  is  possible  to  provide  a  test  flight  for  any 
kind  of  f ixe d~iTiode  1  combat  plane,  to  train  test- flight  personnel, 
and  to  prepare  a  general  scheme  for  training. 

As  China's  aviation  industry  develops,  CFTRC  not  only  wilx  make 
great  improvements  in  the  simulation  equipment  for  military  test 
flights,  but  will  also  develop  civilian  flight  simulation 
devices,  making  a  still  greater  contribution  to  the  industry. 


TESTING  RESEARCH  TECHNIQUES  FOR  FREE-FLIGHT  MODELS 


Zhidan,  Liu  Zhu 


This  paper  briefly  described  the  developir.ent  of  testing  research 
technique  for  free-f light  models  in  CFTRC .  It  mainly  introduces 
tne  associated  test  models,  the  present  status  of  experiment  and 
measurement  technologies  and  the  prospects  of  future  development 
[English  abstract] . 


Testing  research  for  free- 
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developed  on  t e  bds is  o f 
c err i ed^it* ode  1  test  flights. 
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i n  progress  for  over  20 
years .  For  20  years, 
stall /  tails  pm  research  has 
been  carried  out  on  aliiiost 
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c or.*. estically  iv. a n u fact u red 
pidnc5 .  Other  research 
P r o g r a m s  have  been  c.tvo±opco 
at  the  s a iv e  t i  * . e  ,  a c m e v i n g 
relatively  great  progress  in 
the  f icid  of  exp o r i r. ent a  1 
research  technology. 
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with  a  remote  -co n t r o  1 
receiver ,  three  control 
ruuucx s ,  a  recovery 
parachute ,  and  a  large 
number  of  DC  electrical 


Fig.  1. 
angle  of 
s ideways 


Installation  of  sens-' 
attack  and  angle  of 
slippage  on  a  model . 


cells.  Some  were  equipped  with  heavy  lead  batteries.  This  kind 
of  rniodel  was  able  only  to  carry  out  fixed  research  programs. 

Along  with  the  development  and  dissemination  of  glass  fiber 
reinforced  plastic  technology,  wooden  models  were  gradually 
replaced  by  plastic  models.  The  model  fuselage  with  the  exterior 
reinforced  plastic  shells  offered  a  large,  useful  internal  area, 
structural  strengtn,  ease  of  iriaintenance ,  and  appropriateness  for 
small-batch  production.  Like  some  light-model  aircraft,  they 
were  light  in  weight  and  had  a  small  wing  load;  it  was  also 
possible  to  use  flight  model  structural  iuodels  (for  the  fuselage 
exterior,  wood  of  low  density  was  used)  as  free— flying  test 
models.  The  scale  of  the  test  imodsls  was  generally  between  1/15 
and  1/14,  and  weight  ranged  between  30  and  70  kg. 
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Selection  of  the  Model  Carrier 

The  early  period  test  models  were  carried  by  small-scale 
transport  aircraft  to  700-1000  meters,  and  were  controlled  by  the 
pilot  of  the  carrier  plane  via  a  release  button.  On  the  carrier 
plane  were  installed  elevator  structures.  At  the  time  of 
takeoff,  they  were  placed  in  the  extreme  upper  position.  After 
takeoff,  to  avoid  the  effect  of  the  propellor  slipstream  and  the 
air  flow  of  the  lower  part  of  the  fuselage,  the  m o u e 1 s  were 
lowered  into  the  extreme  lower  position.  After  release,  the 
none _ ' s  f iiyht  was  controlled  by  surface  control  personnel  using 
remote  control.  At  this  time,  the  carrier  would  make  a  sharp 
turn,  distancing  itself  from  the  model.  Generally  speaking  the 
use  of  snail  transport  planes  to  carry  small  combat  plane  models 
was  very  convenient;  but  for  large— proportion  rnodels  or  light¬ 
weight  plane  models,  it  was  best  to  use  helicopters  to  carry  the.', 
a  a  c  f  t ,  or  to  tow  and  release  themt.  When  using  helicopters  to 
carry  the  model,  a  very  low  release*  speed  can  be  used;  suspension 
release  is  even  a  possibility.  This  avoids  restrictions  imposed 
by  the  heignt  of  the  model's  vertical  tail. 


Remo  t  e 


Tec  hnology 


i  s  e  d  i n  the  early  period  was  t ~ 
•path  simultaneous  ten— channel  key— control leo 
equipment  with  audio  frequency  signal  modulation  and  low 
stability.  At  the  beginning  of  the  70s,  we  switched  to  the 

mode! .  The  control  method  used  was  the  pulse  step  jump 


style.  With  respect  to  the  control  surfaces,  there  wei -  only  two 
positions ,  the  neutral  and  extreme  side  positions.  For  this 
reason,  there  was  no  way  to  simulate  rudder  deflection  speed; 
just  as  the  "slow  pull— rod  stalls,  "  this  kind  of  control  action 
could  not  be  achieved.  In  1376,  we  imported  sample  remote 
control  equipment;  we  were  not  only  able  to  implement  rudder 
surface  control  along  the  lines  of  the  sample,  but  were  also  able- 
to  achieve  stability  and  reliability,  and  resistance  to 
interference  could  be  improved. 


Recovery  Technology 

Ordinarily,  a  drag  parachute  is  used  for  recovery.  On  the  basis 
of  the  parachute's  resistance  coefficient  and  the  rate  of 
de  scent,  it  is  possible  to  deter  mi  ine  the  surface  area  of  the 
parachute.  To  guarantee  that  the  parachute  will  open  reliably, 
l  n  8udl  t  i on  to  a  par  a  <_hute -opening  installation  with  a  remotely 
induced  explosion,  a  fixed  —  altitude  parachute  opening  device  has 
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also  been  added.  In  recent  years,  research  has  been  carr  led  OUt 
on  the  feasibility  of  "wing-shaped  parachutes"  for  recovery  and 
glider  wing  landing,  as  well  as  impulse-activated  nets. 

Currently ,  the  average  c ; 
has  dropped  to  between  8 


rate  for  free  — flight  research  ,uodcls 


anci  ni%;  that  is, 
to  12  flights. 


on  the  average,  them 


MEASUREMENT  OF  PARAMETERS  AND  DATA  PROCESSING 

Progress  in  contemporary  free— flight  model  research  technology  is 
revealed  mainly  in  the  technologies  related  to  measurement  of 
parameters  and  cata  processing. 

Measurement  of  External  Parameters 

At  the  beginning  of  the  70s,  CFTRC  installed  an  elevational  and 
directional  potentiometer  on  an  old  antiaircraft  gun  iriount , 
replacing  the  camera  support  of  the  60s  and  thus  improving 
photographic  conditions.  In  1376,  it  developed  the  double- 
platform.  model  SB-31  photographic  theodolite  which  was  able  to 
measure  distances  accurately  and  distinguish  movement  and  paths, 
and  recover  model  parameters  such  as  the  tailspin  diam.eter,  the 
rate  of  descent,  and  the  time  for  a  complete  tailspin  at  the.-  same 
time .  Currently,  we  are  m  the  process  of  developing  stilj.  tort 
acvanced  equipment  for  the  measurement  of  external  parameters. 
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the  beginning  cf  the  70s,  CFTRC  for  the  first  time  installed 
automatic  recorder  for  the  angles  of  elevation  and  sideways 
ppage  on  the  FT-6  free-f light  test  miodel;  and  for  the  first 


time  successfully  recorded  changes  m  the  angles  of  elevation  sno 
sideways  slippage  in  model  tailspin.  In  the  mid  70s,  this  device 
was  usee,  to  unoerta.ee  full-scale  tailspin  test  flights. 


The  results  of  the  test  flight  measurements  were  in  agreement 
with  the  results  from  the  free  — flight  miodel.  In  the  report  on 
the  model's  lose  of  velocity  and  tailspin,  the  account  of  the 
ve  1  oc 1 1 y- los s  characteristics  was  almiost  identical  to  the  account 
in  the  report  on  the  tailspin  test  flight  in  the  full-scale 
plane . 


The  u^e  of  models  ,.isde  of  fiber  glass  reinforced  plastics  .uade  it 
possible  to  expand  the  scope  of  on-board  testing.  In  line  with 
this,  the  quality  of  sensors  and  recording  devices  was  improved. 
Small-scale  on-board  oscillographs  are  able  to  record  twelve 
parameters  at  a  time,  chiefly  including  the  angle  of  attack,  the 
side-slip  angle,  the  triaxial  rate  of  angular  rotation  around  the 
fuselage,  the  angle  of  elevation,  the  angle  of  roll,  the  tri- 
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directional  overload,  and  the  deflection  of  each  rudder  surface. 
Thanks  to  these  capabilities,  the  research  on  free- flight  testing 
has  completely  entered  the  phase  of  guantitative  studies. 

In  the  80s,  CFTRC  installed  a  YT-2  micro— scale  remote- control 
launcher  equipped  with  a  telemetric  vehicle  and  a  telemetric 
surface  station.  It  can  be  used  effectively  in  data  collection, 
with  a  measurement  precision  higher  than  that  of  photometry ; 
thanks  to  computerized  assistance,  it  represents  a  great  saving 
m  the  quantity  of  work  required. 

To  improve  the  model's  recording  system  still  further,  we  began 
m  133-;,  on  our  own,  to  develop  the  JCX— 5  — CJ  micro- computer  data 
system.  The  measurement  parameters  can  be  combined  automatical! j 
according  to  the  frequency  value;  each  time ,  it  is  possible  to 
record  20  independent  parameters  and  five  switch  quantities. 

Even  under  conditions  in  which  a  telemetric  station  is  not 
available,  it  is  still  possible  to  process  data  directly  with  the- 
n icroc on p  u  t  e  r  .  In  comparison  with  the  telemetric  system ,  the 
m  icrocc  —  put  e r  system,  lacks  a  signal  transmitter  and  a  receiver; 
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greatly  reduced  the  rate  of  failure. 


Com.par vu  with  on— board  magnetic  recorders,  the  microcomputer 
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device  is  smaller  m  volume  and  lighter  in  weignt; 
its  data  capacity  is  greater  beyond  all  proportions 


that  of  a  small  magnetic  tape.  The  model  stall/tailspm  test 
results  for  several  domestically  manuf actured  combat  planes  shew 
tnat  t.mc  microcomputer  data  storage  device  has  produced  great 

'die.  1  ■.  .1.  ,1  I  uic  Quniit)  u  i.  il  ce  ^  llyiii.  iiiUUci  icst  ^  j.  .j.  g  . .  ; 

and  r e cu c i ng  the  duration  of  the  testing  period . 


currently,  cFTRC  is  able,  unassisted,  to  design  and  develop  a 
variety  of  research  m.  o  d  e  1  s  .  In  the  area  of  experiment  content, 
it  is  cOj.'-.  t  o  unoc-r  tane  extensive  free  — flight  m.odel  researen  on 
the  major  ang^e  of  attack  stall/tailspm  for  all  types  of 
air ci' aft.  It  is  also  a  b  x  e  to  undertake  the  related  research  in 
the  area  of  ant  i  —  tailspm  parachutes,  providing  reliable 
experimental  data  for  establishing  the  design  parameters  for  such 
devices.  Currently,  the  Center  is  in  the  process  of  undertaking 
quantitative  research  for  the  vertical  and  horizontal  directional 
aerodynamic  derivatives  of  aircraft,  as  well  as  free-flight  model 
research  for  powered  models. 


Horizontal  free-flight  testing  has  become  an  indispensable  part 
of  China's  research  tools  for  developing  new  planes.  We  can 
predict  that  in  the  area  if  future  development  in  high-technology 
aviation  am  aerospace,  it  will  be  given  a  prominent  position. 
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Ir.  recent  10  years  g  reater  progress  has  been  it  a  <3  e  in  aircraft 
engine  environmental  and  ingestion  tests  in  China.  This  article 
describes  some  achievements  m  carrying  out  environmental  icing , 
bird  ingestion,  atmospheric  water  ingestion,  sand  and  dust 
ingestion,  armament  gas  reingestion  and  foreign  object  damage 
tests.  S  or  e  met  hod  s  and  equipment  of  the  tests  are  aibO 
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variety  of  environment 31  factors  affect  the  per f o  1* m a n c t 
ability  of  aircraft  engines  in  use,*  and  the  noise  and 
oases  the  engines  generate  pollute  the  environment  as 
xi  the  Aviation  Engine  General  Use  Specifications 

by  our  government ,  environmental  testing  accounts  foi 
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the  topics  include  high  and  low  temper a tuic 
ts,  environmental  icing  tests,  corrosion  ssnsitivi ' 
ingestion  tests,  tests  on  damage  caused  by  foreign 
ice  ingestion  tests,  sand  and  dust  ingestion  tests, 
gestion  tests,  arnasient  gas  remgestion  tests,  operatu 
a  lysis,  cx.iauJt  gas  pollution,  and  survival  perf  oiv.  anc< 
after  nuclear  explosions.  These  testing  projects  c.*j 
strict ,  specific  experimental  conditions  and 
compliance.  Ir.  order  to  undertake  certain  project 
tests,  ..tT.'x  r.  a  s  explored  a  no  selected 
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f  compliance.  Ir.  order 

cic  tei  1  s  ,  r  i  r  x  r.  as  explored  a  no  selected  a  set  c 
tic thods ,  and  has  constructed  testing  equipment 
t.u_atmg  environment  a.i.  conditions. 
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remgestion  tests,  water-  ingestion  tests,  sanu  and  dust  ingestion 
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For  engines,  the  formation  of  ice  occurs  mainly  at  the  mouth  of 
the  air -intake  passage,  the  air- intake  flow  adjustment  support, 
the  I  and  II  rank  rotor  blades  of  the  axial  flow  air  compr essor , 
and  the  forward  edge  of  the  stator  blade.  The  formation  of  ice 
can  present  an  extremely  dangerous  threat  to  the  engine:  When 
t n ere  is  a  slight  coating,  it  may  reduce  engine  performance  ano 
even  cause  flameout;  and  when  there  is  a  heavy  coating,  it  may 
make  th-*  eng_nc-  gasp/shudoer  and  lead  to  severe  wear  and  damage . 
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e  n  v  i  r  o  mv-  e  n  t  a  1  iciri'j 
protection  tct t ir.y  .hcChccls 
under  conditions  of  earth- 
surface  a  tmospher i c 
temperature ;  that  is,  with 
the  atmospheric  temperature 
below  C 0  C ,  on  a  surface 
engine  testing  p 1 a t f o r m* . » ,  at 
the  intake  of  a  working  test 
engine ,  an  air  mass 
containing'  s up er  —  c  o  o  1  e  u 
water  droplets  is  c i e a t e d , 
causing  the  coupon* nts 
within  the  engine  passages 
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£ y s 1 6 m  to  c.n.:neti  icc  is 
studied  for  conformity  with 

tne  specified  requirements .  For  this  purpose,  we  have  d  c  v  e  1  o  p  *r  c 
a  system,  for  water  misting /temperature  reduction  capable  of 
forming  engine  ice  at  engine  intakes.  This  system  consists  of  a 
water  supply  system,  a  misting  grating,  temper ature  reducing 
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a  sac.pl my  staff.  It  is  able  tc  supply 
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with  the  required  super- cool  water  droplets  (effective  average 
diameter  2  0-32  microns!  and  to  produce  the  atmospheric  water 
capacity  required  by  the  specifications.  At  the  time  of  testing 
water  at  a  specified  temperature  is  transported  into  the  misting 
grating  via  a  tube  from;,  the  water  supply  system;  it  is  misted  t 
form  j.0- 6C  micron  water  droplets,  and  then,  via  the  refrigeratm 
equipment ,  is  chengec  to  C  •  super- cooled  water  drops.  These 


equips i one  ,  is  chang'ec  to  C  •  super- cooled  water  uro; 
super - codec  droplets  are  agitated  in  the  engine's 
form.;  a  layer  of  ice  on  the  engine  components. 


Usiny  the  testing  equipment  on  domestically  manufactured  engines 
we  have  successfully  undertaken  anti- icing  exper iments .  The 
equipment  offers  convenience  in  observation  and  testing;  results 
are  easily7  repeated.  The  danger  is  small,  in  comparison  with 
flight  testing.  In  comparison  with  high-altitude  platform  and 
ice / wind  tunnel  experiments,  testing  costs  are  economical . 


BIRD  INGESTION  TESTING 


Aircraft  speed  is  increasing  constantly,  and  the  collision  of 
bird  and  plane  is  an  ever  more  serious  factor  in  airplane  damage 


A  bird  being  ingested  into  the  engine  has  even  cau&eu  crashes  at 
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throughout  the  world, 
an  engine  has  ingested 


The  specifications  require  that 
a  small  bird,  some  of  the  components 

may  be  damaged, 
but  the  airplane 
must  not  suffer 


harm . 


Fig.  2.  Engine  undergoing  bird  ingestion 
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Bird  ingestion 
testing  for 
engines  is 
ordinarily 
performed  out  o  f 
doors  on  a  testing 
platform.  Th* 
Flight  Test  Cents' 

Ubtb  ci  'd  t  c-  b  1  '  . 

which  is  a  large  - 
caliber  a i i  gun 
{consisting  of  a  : 
air  tank,  a  g  u  r. 
tube ,  a  control 


structure,  anu 

ct.iui  associate!  equipment)  .  The  air  tank  is  full  of  dry  air  at 
the  required  pressure.  During  experimentation,  after  the  control 
structure  is  activated,  the  air  under  pressure  bursts  out  anc 
causes  the  hollow,  soft  plastic  sleeve  loaded  with  the  test  biro 
to  accelerate  along  the  gun  tube,  reaching  the  speed  prescribed 
m  the  standards  at  the  mouth  of  the  gun  and  crashing  into  the 
forward  part  cf  the  engine.  The  bird's  speed  is  produced  by  th-_ 
air  pressure  controlling  the  air  storage  container,  and 
measurement  is  performed  by  a  high- speed  camera.  This  equipment 
has  teen  used  for  bird  casting  tests  for  two  kinds  of 
domestically  manufactured  engines.  The  tests  use  a  chicken  as 
the  bird.  T.ie  tests  showed  that  the  equipment  completely 
satisf ieo  the  requirements  specified  in  the  standards. 
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When  an  aircraft  launches  a  weapon,  the  weapon  emits  a  great 
amount  of  scorching  hot  exhaust.  After  the  engine  sucks  m  these 
gases,  the  intake  temperature  rises  sharply,  resulting  in  a 
reduction  of  the  rotational  speed.  The  air  flow  is  reduced, 
causing  an  increase  in  the  combustion  chamber  excess  air 
coefficient  and  possible  flameout  in  the  combustion  chamber.  In 
addition,  the  general  pressure  decreases,  leading  to  a  reduction 
in  axial  airflow  and  increasing  the  inequality  in  pressure  field 
and  temperature  field.  Under  these  conditions,  it  is  very 
possible  for  the  air  compressor  to  enter  an  unstable  working 
condition.  It  follows  that  armament  gas  reingestion  experiments 
must  be  carried  out  to  ensure  that  reingestion  does  not  induce 
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engine  totalling,  uasping/shuddei'ing , 
damage . 


flajueout,  or  mechanical 


Currently  CFTRC  is 
able  to  perform 
experiments  of 
this  nature  on  a 
surface  testing 
platform  and 
flying  test  bed. 
The  method  used  is 
to  install  a  high- 
temper a  t  ur e 
combustion  gas 
generator  in  front 
of  the  engine  to 
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3.  Armament  cfss  reingestion  experiment. 


temperature f 


ch  emical  components,  etc.  ,  of  the  high- temperature  combustion  gas 
that  it  generates  are  the  same  as  those  produced  by  firm j  a 
weapon.  The  generator  is  composed  of  a  simulation  shell,  a  gas 
accumulator,  a  smoke  delivery  conduit,  an  ignition  device,  and  so 
on.  During  experimentation,  a  small  rocket  simulation  shell  is 
ignited,  ano  the  high- temperature  exhaust  is  forced  into  the  an 
intake  of  the  engine  from,  the  gas  accumulator  via  the  smoke 


delivery  conduit.  The  amount  of  smoke  produced  by  the  shell  a no 
the  temperature  of  the  combustion  gas  are  determined  by  the  site 
of  the  charge.  The  simulation  shell  requires  0.1  second  for 
complete  combustion.  Because  the  time  that  the  engine  operates 


unstab. < 


is  only 


2  sec ond , 


sensitive  measuring  system  has  been 


:  ted 


the 


instantaneous  change  parameters  for  the  engine.  This  set  of 
equipment  has  been  used  to  carry  out  successful  experimentation 
on  a  large  number  of  models  of  domestically  manufacture1!  engines. 
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When  a  plane  flies  in  the  rain  or  taxis  on  runways  with 
accumulated  water,  the  engine  may  suck  in  large  quantities  of 
water  in  a  liquid  state.  When  a  working  engine  takes  in  large 
quantities  of  low- teitperature  rain  water,  the  resulting  drop  in 
temperature  may  cause  the  engine  housing  and  the  component  parts 
and  assemblies  at  the  hot  end  to  undergo  sudden  contraction, 
excessively  reducing  the  gap  with  the  blade  tips.  This  in  turn 
causes  d a m age  owing  the  friction  between  the  blade  tips  and  the 
interior  wall  of  the  engine  housing.  Large  quantities  of  water 
entering  the  combustion  chamber  lowers  combustion  efficiency  and 
may  even  cause  f 1 a m e  o u t  and  stop  the  engine. 

When  experimenting  with  water  ingestion,  the  amount  of  water- 
introduced  into  the  engine  should  be  5%  of  the  air  flow  by 
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I u c x no  efficiency.  Sand  and  dust 
line  f  o  i  iV:  a  core  upon  which  steal,  c  a  n 
cause  the  surface  of  the  engine  to  rust  it  ore 
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ohu  dust  U.iX  Witn  the  main  ail'  flow,  they  axe  SUCked  into  the 
engine  .  Tho  constant  ssnu  supply  installation  can  bt  adjusted  to 
feeo  a  quantity  of  sand  based  on  the  an-  flow  of  different 
engines .  In  the  most  i'ecent  experiment,  which  lasted  four  hours, 
the  engine  ingested  over  30,000  grains  of  sand  and  dust.  This 
equip:.. ent  is  able  to  disti'ibute  evenly  the  exact  amount  of  sand 
and  dust  prescribed  by  the  regulations  m  the  engine's  aix-  intake 
flow,  satisfying  the  experimental  requirements  for  different 
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Fig.  5.  •  Foreign  object  damage  testing, 
arrow  shows  the  location  of  slotting. ) 
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In  order  to  satisfy  these  requirements,  befoxe  the 
slot  with  a  stress  concentration  coefficient  of  - 
artificially  on  the  blade.  Then  the  experiment  was 
ca i‘X' led  out  i n  a c cox- dance  w7ith  the  wo r king  pei'iod  specified  as 
ricrcal  fox'  the  model.  The  key  in  this  method  is  to  leseai  ch  a 
set  of  quantitative  formulas  fox-  calculating  the  relationship* 
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After  study,  we  now  understand  this  method  of  making  calculation 
and  providing  experimental  proof,  and  we  have  developed  an 
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certain  engine  model,  Wc  made  a  slot  of  the  size  obtained  by 
calculation.  Tne  stress  coefiicier.t  at  the  location  of  this  slot 
was  3,  and  we  operated  our  engine  on  the  test  platform  for  two 
cycles.  In  the  experiment,  the  vibration  value  of  the  engine 


<-  J  j.  c  s 


In  the  e x p e r  iincnt  ,  the: 


luCi'caScu  I  IT  C  iT . 


xau  tne re  were  no  other  ebnontal  conditions . 


aevciOpeo  further  by  the-  Test 
on  coi* rosicn  s e n s  i  t  r v i  t v  ice 


F-'  -■ 


Currently,  engine  environmental  testing  projects  that  are  being 
aevciOpec  further  by  the  Test  Flight  Center  include  experiments 
on  cor  rosicn  sensitivity,  ice  ingestion  tests,  operating  noise 
analysis,  exnaust  P'Ollution,  high  and  low7  temperature  starting. 


> u r v i v a fc 1 1 1 1 y  after  nuclear  explosions,  and  otk*7 j 


pi'CjcCtS  W 1  x  1 


axl  be-  completed  m  the  .  i  s ; 


f-h  tr 


L'j-JiriiL*.  - 


yvciitu  vjucihg/.uc 


Tile  aVi  C-T.lCi  f.iur.t  tcSl  CCTiSt  i  t  U  t  c  S  an  iriuxSpenSabxe  part  Ox  t  : 
XT.  0  -.6  C_lCTnC  7r5‘  jt  1'  C1  0  1'  0 .  In  th-LS  fll’tiClc  »  t  :“i  6  t  6  5  t  6CJU  xpiT.6  H  t 
aT.U  test  inC?  WctVS  f  Oi‘  alxCl'af  t  dHt^nna  ,  18010  C  OITijTt  uuICatiOi'* 

tijuiprci;*  ,  navioanon  system.  and  airborne  radar  used  by  the 
'w o n t e r  arc  ir.tr  roucco  .  T  n  e  static  electricity  d i s c h a r g a  and 
ant  i-ii;;ntnmc  measures  a  no  tost  not  no  os  arc  ax  so  explain  e  o 


i  e  i  e  d  1’  Oil 


.  e  =?  L  f  iXU.’u  e  e  ,  i  L  e  -  x  h 


it. cw  x  n  > 


,  t  aye  e  ..  a  l  x  e  e_eL.Ci-._x.j 


n  —  . . C.  T. X-* .  .  .-i*  -  tn.  -*• 


a  » i  .  Cii..a  ce: 


-i  r  ' 


..  p  _  e  L  v  e  e  L  <x  -  c: '. 

i*i- 1 a x i o 1 1 o n s  -c*’p 

ante  n  n  a  5  1  n  o  >.  e  r  1  ■. 
a  x  p  o  r  1  iv.  ants.  x  t  ! 


uLci.'.ic.  lc5  ‘.lily  ty^Ui 


. .  e  a  S*  e  1  x  - .  p 


d .  .  e  v.  c  X  r-  xOX 


-  Xi'MilC 


IS  pCSSIC'ic 


for  tr.c 


e  p  e  x  4..  .cii 

0  upe  i'  1  no  n  t  s 


-> . .  i  -  ~  e  c  i  l  _  ■. 


f  i .  ».  a;  v  —  x  e 


-  '•  *  K- 


pe  e  x  _  -  p  *i  v-  ■ 

past  t  h  1  r  r‘ ' 

tcSpons 1 b 1 

l'cScci'c n  , 


v  -  -  wpit.e*.  1 

i e  1 1  a x  xcr  ui 


.  x  1 -  x  i l ei  CU  -  cXaiir 


tvaiadl^Ui. 


UeVOxOpcd  . 
yuaCrup 1c 

as  wall  as 


cUi.X'as  ^  /  e  e> . 


>  \  e  X  -j  \.-  Cl  li  I-  e  iiil  Cl 

’.an t  at  1  o n  a n c» 
ig  prop  r  a  ■. .  s  for  15 

'  —  ’■f  U  _  _  .1-. 

xL  lias  ax^-v 

Goublc ,  triple  and 
. c y  Section  antennas 


.  ctn  •-  e  imai  , 


P-894915 


J  -1  me  '  ^  m  t— t">  /*■>  i  _ 

riy .  x  .  i  n e  lit  - . l  > 

antenna  t  a  s  1 1 n  g  field  < 
antenna  test  eguipr.ent 


>  e  e  x  v  e  x  e 


the  area  of  antenna  test  fliphts 


antenna  direotioua 


r t  test  flight  n c 


haS  be? 


uc vexCpOa , 


circumferential  flight  roe t h od  ,  the 


ill  c  c  .  1*  v 


»  -  ^  —  _  V-  ^  -  -  -  -  --  -r  ~  4 

piu.:  pc 


.  C  U  .  .  U  '3.1  U 


lOI'icil  fliCfht  ICSthcd;  in  audition,  the  Cel 


tr  in 


i c r i a  1  recuidina  of  flight,  at  tit u o 


a  HO  5  yij  Clt2*C  n  OU?  5uif  etc  i'  cCO;  dluO'  of  fxdld  5  tl‘  Cuh  tf 

a-s:  st :ct ssfully  dp pr aised  t wo  types  of  aircraft  a 


C.ii  L  CUiiCll* 


*  -  i  'w  •  .  1\  . 


t  d  Cl  d  pi'Oui  cSS  1 1  *  t  if 


<1  cr  i-  c;  a  -  ui.x.l.  :r  a  X  . 


'auapwincf  antennas ,  coiapo^ite  aircraft  antenna: 


Ft  TriT'*'  mn  cimT»tr>  ^r“T  n/^frm/^ttr  r>  n  T-'  /•">  T  T  "r  t-v  *  #  ^  >  Trr~ 

lxuHx  xLOiihu  ZjI-LjL  n\uivitD  hvUxrubln 


/iLC  &  I.1U 

rspons 1 J 


1 1  i  n  a 


r  ,  pel  i  :.;cu  wvci  it'v  cVcixuatiuiii  w!_ 

:actuicd  electronics  equipment ,  and  has  ha< 
appeals  eng  the  /M  radar  a  no  AD340C 
insceiver  from.  Marconi  (U.K)  .  Ir.  addition 


x  r.  a  o  o  i  c  i  o  n  t  < 


corr.p-j. ste  surface/ flight  testing  install. at 
is  t wo  imported  electronic  test  pxanes  for 
'ration  test  flights  for  electronics  e  'pu  i  p 
ration ,  navigation  and  radar  and  for  quail 
test  mo '  the  P'lar.eS  are  3 1 c  ai-l-  to  call 
navigation  equipment  and  u  n  cert  a  .c  e  the  wo 
: :  rr apry .  In  recent  years  .  thx  -entci  1. a 
■  of  specia.  dynamic  measur eitient  teclinolcg 


t-  e  s  Llii c 


.  i  a  .  _  u  a 


.  a  1 1  c  o  n  h  o  a  j 


-  X  Cl  X  Sjc 


at ions .  t  n  e  surface  radar  a  no  tic e 
the  position  of  experimental  aircraft 
r  d  i  n  g  of  aircraft  f  1 1  gn  t  p  a  r  a  rr.  e  t  e  r  e  a  u  > 
and  standard  voice  comprehensibility 
:  Cull*  mte  play  t  c  deter  rr.  i  n  c. 

am  quanty.  The  surface  1  a o o  r  a  t  o r y  , 
t  receivers  and  transmitters,  a  noise 
otner  special  equipment .  It  is  able 
e  a  x  j.  parameters  of  conn  uni  cat  ions 
n  c  y  ranges,  helping  the  technician  ana. 

c. j.  _  ~ j  in  _ ..uiiivb  i.e't  e^uip..  <- .* t  a,, .. 

d  progress  of  the  work  of  flight  testii 


r  -  _■  „  i. 


'w-  *.  -  -.y  i-  u  tc  t;  i_u.adi  i."  d  Li  1  !•  C,'U  iGCTiCc  cCJUipT  c  “j  I  , 

rd  methods  have  gradually  come  into  use.  Ex 
ro  altimeter  flight  testing.  During  flignt 
rhe  aerial  photography  method  was  used,  for  v 


juidt.iiCc  aLjiii.pl  »  ij  t 


tL,  lu  p.i:  a  i 

me  .uu', 
OVcT  1 d  I 
t  c  1"  Q  c  1 5 

pno  t  c  gr  < 


into  use 


E  x  a  m 
t  t  e 
visible 


distance 
gu  i  danc  •: 
s  y  s  t  e  i .  i  s  , 
ITic  t  hod  1 
radar  rr.  c 


e  for 
e  e  q  u 
,  the 

f  X'  O  .T: 


he  aerial  photography  method  was  used,  for  visible 
mg  flignt  testing  over  water ,  the  surface- to- air 
r  etr.od  was  used.  In  addition,  the  laser  altitude 
method  and  others  were  used.  The  aerial  photograph 
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equation  1  s  single  rear— exchange  analytic  photographic  rcethod  and 
the  raoar  tracking  method  were  used.  The  plane's  six  external 
position  elements  t  n  a  t  were  obtained  were  relatively  precise . 

The  Center  also  has  a  unique  communications /guidance  device  for 
aerial  guidance  experimental  platforms,"  it  is  used  to  calibrate 
and  test  all  surface  guidance  stations  at  airports. 


In  the  field  of  radar  test  flight,  data  gathering  system^s  and 
photographic  and  video  frequency  recording  systems  are  used  on 
board  to  record  radar  parameters  and  aircraft  attitude  da"-  *  by 
means  or  a  variety  of  sensors.  On  the  surface,  measuring  radar, 


ion  systems  to  form  measurement 
air- ground  measurement  is  carried  out  synchronously,  and 
evaluation  test  flights  are  performed  for  radar  measurement 
speed ,  positional  and  range  finding  accuracy,  etc.  In  addition 
to  domestically  manufactured  systems,  successful  flight 
evaluations  have  be<.n  p-erformed  on  the  fire-control  syster 
manufactured  by  Marconi . 


Static  discharges  anc  radar  protection  are  important  means  Oi 
safeguarding  aircraft  flight.  The  Test  F  _  i g r.  t  Center  has  a  h  i  . .  ■ 
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Out; ice  the  laboratory,  there  is  a  rope-cable  crane  with  a  n e i g n 
of  4 C  meters ,  capable  of  suspending  aircraft  for  static  discharge 
experimentation .  A  large  variety  of  aircraft  have  been  subjected 
to  static  electric  experiments,  and  the  perform, ance  of 
dischargers  has  been  studied.  Evaluation  experiments  have  beet. 
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As  on-board  electronics  equipment  continues  m  the  direction  of 
functional  combination  and  digitization,  the  task  of  performing 
combination  simulation  and  test  flights  to  develop  electronics 
equipment  has  becom.e  increasingly  important.  Because  of  this, 
the  Flight  Test  Center  will  study  new  flight  test  methods  for  ust 
on  composite  electronics  aviation  equipment  in  order  to  develop- 
surface  simulation  equipment,  computer  simulation , equipment ,  and 
aerial  simulation  experiments  to  reduce  the  actual  amount  of  test 
flight  work,  shorten  the  test  flight  cycle,  raise  test  flight 
effectiveness,  and  plan  the  refitting  of  several  large-scale 
electronics  testing  aircraft.  Furthermore,  CFTRC  will  actively 
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( ground  speed  of  400-6  80  krr./h)  and  test  altitude 


-  *.  -  —  _  'I  -  -C  - ...  c  r\  . 

Ualc  a  u  u  l  a  i  x  x  <-.*».  <c  A  xOu/  ocr  1 

h eve  bee n  v e r y  i m. p or t ait  in  t i 
a  v  i  a  1 1 7  n  e  r. .  e  r  y  e  r_  s  y  s  y  s  t  e  m  s  .  1 

test  speed  (around  speed  of  4  ( 
( r e x a 1 1 v e  a _ 1 1  time  ^ 0 0 C  to 

r  r*.  r-  r\  ...  \  _  . .  .  ..  .  *.  l.  ...  i  _  _1  . 

i.  /  die-  i  C  luci  XXilil  UCU  f 

iiw  c  a  *  *  t  n  e  p  —  a  u  e  p*  e  r  x  c •  r  ,i « 

e  j  e  c  1 1  c  n  tests  n  c  u  n  d  e  i* 
conditions  of  evasion. 

'-nu  ....  X-....  J  ^  .  JT...  r  -  .  .  .. 

liJUclUit  ,  j.  c  Xr-  .<*1 

Satisfy!  i i  c»'  t  h  e  u  e  m  a  n d  s  f  c>  r 
e  it.  e  r  o  e  n  c  y  s  y  s  t  e  i  r  e  s  e  a  r  c  h  and 
evaluation  t  e  s  1 1  no  .  T <.> 
improve  this  situation,  w c 

V-  —  X1--  ...  J  J  _  c:  ^7  r\  . 

X>ayciil  iii  tiler  ii.iUUit  vi.  Liicr  /Ui 

to  consider  n e w  e  j e  c  1 1 c n 
testing  aircraft.  At  the 
beginning  cf  the  SCs,  we 
officially  began  the  work  of 
studying  the  new  aircraft . 

N  o  t  xong  a  f  c  e  r  w a r d ,  t  n e  FT- 6 
was  s t •  c  c  e s s  f  u  j.  1  y  ccr.veited  to 
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2.  The  FT-6 
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c; n  cjectior*  test  aircrew  ft  and  pa i* f c iriucinc a  tc5 tiu^  was  undertaker. 
'.See  Fig .  2)  .  Its  ”>axir/u:r:  testing  spaad  was  1000  krr»/h.  and 
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aCCcptai'iCc  tiStinC  ,  Kd5  at  OnCe  plated  in  Service  .  It  Will  b  <_■ 

used  cmef  ly  m  high— speed  ejection  tests  under  all  types  of 
itaneuv  ering  conditions,  and  so  will  greatly  enhance  China's  test 
flight  c ap>abi  1  i t i e s  for  aviation  emergency  systems  and  provide 
favorable  conditions  for  future  research  in  the  field. 

Second  to  the  testing  aircraft  itself,  mannequins  are  an 
important  piece  of  equipment  in  flight  testing  ejection  systems . 
They  are  prepared  in  accordance  with  the  statistics  for  the 
physic  ax  measurements  and  weight  of  aviation  personnel.  The  Tes 
Flight  Center  has  constructed  many  mannequins  since  1364;  they 
w e x  c  of  yi cat  use  in  China's  early  r e s e a r c n  on  ejection  system; . 
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i_ c  testing  equipment  is  axso  requireo  tor  emerge]',  m 
testing.  Before  m  — flight  tests,  it  is  ordinarily 
sary  tt'  perform  several  preparatory  experiments,  such  as 
measurement  equipment  to  study  the  ejection  test.  For  the 
n ,  we  oe signed  and  limit  w'ithout  foreign  assistance  —  a 
e r 1 1 c a 1  ejection  platform  in  the  early  60s  {see  F i g 

It  was  34  meters  high  and  had 


o , 


a,,  angle  of  inclination  of  17  c.  It 


Fly.  3.  Large-scale 
vertical  ejection  platform. 


was  a  multi-purpose  experiment  a  1 
device  used  principally  fc.. 
experiments  with  the  per f ormance  of 
ejection  activation  mstallat  ion ~ 
of  emergency  systems.  The  maxima 
P o  r mi s  s i L 1 e  ejection  weight  w a c  2 4  7 
kg  and  the  maximum  permissible 
ejection  sp^eed  was  24  m/s  .  This 
device  could  also  be  useo  to 


per form  investigatory  ejection 
testing  on  emergency  system, 
components  or  subsystec:s,  ejection 
for  aviation  personnel. 


measuring  equipment.  This  platfor 
was  used  for  over  23  itemiS  of 


research;  over  1200  ejection  test 
runs  were  carried  out. 


To  ensure  the  effective  performance 
of  tests,  the  Test  Flight  Center 
has  developed  many  kinds  of 
overload  sensors,  angular  velocity 
sensors,  parachute-opening  dynamic 
load  sensors,  emergency  ejection 
t e 1 e m e t r i c  systems ,  emergency 
ejection  magnetic  recording 


r 


systems ,  snall-scaie  photographic  theodolites,  and  other 
measurement  equipment  anc.  devices. 

Currently ,  the  Test  Flight  Center  is  engaged  m  further  study  of 
how  to  implement  pre-testing  aerodynamic  gust  protection,  how  to 
e nnance  the  simulation  capabilities  of  mannequins ,  how  to 
until  take  experimental  data  collection  more  effectively,  how  tc 
perform  emergency  ejection  testing  experiments  under  flight 
conditions,  and  other  problems. 
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In  Ziic.TiC  test,  the  i’csults  anu  correctness  of  its  conclusion  arc 
very  much  influenced,  to  certain  extent  even  determined,  Joy  data 
measuring  method,  testing  technique  and  equipment.  The 
development  history,  current  status  and  test  techniques  for  small 
and  large  size  aircraft  in  the  Center  are  introduced.  Some 
pictures  of  the  test  planes  usee  in  the  flight  test  are  also 
shown  [English  abstract] . 

in  flight  testing,  regardless  of  whether  it  is  qualifying 
evaluation  or  preliminary  research  testing,  the  work  of  measuring 
is  essential.  The  methods  of  measurement  and  the  testing 
technique  and  equipment  have  a  direct  influence  on  the  test 
flight  results  and  accuracy  of  the  conclusions.  Measurement  is 
extremely  important  for  flignt  testing.  As  flight  testing 
becom.es  more  thorough,  it  makes  new  and  even  higher  demands  or. 
measurement;  trie  progress  of  measurement  technology  and 
equipment  ,  cm.  the  other  hand,  spur  on  the  development  of  flight 
testing  . 
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Flight  Center's  measurement  equipment  has  passed  througn 
a  developments-  process  from,  automatic  recorders  anc  optical 
oscilloscopes  to  magnetic  recording  equipment.  In  the  60s,  an 
analog  aviation  recorder  with  14  magnetic  channels  was  deployed 
for  use  m  vibration  measurement.  A  digital  magnetic  recording 
system,  was  placed  m  use  that  was  able  to  measure  30  analog  and 
digital  parameters;  it  had  a  composite  sampling  rate  of  3CG  bps 
ano  used  the  parallel  and  serial  methods  of  recording.  A  modulai 
on- boaro  data  ccl_ action  system  was  also  placed  m  operation;  it 
hcid  a  maximum  capacity  of  256  channels  and  a  composite  sampling 
rate  of  2.56  kbps.  These  two  kinds  of  magnetic  recording  systems 
are  associated  with  surface  data— processing  computer  syste'ms.  In 
addition ,  a  PAM/FM/FM  system,  high-capacity  telemetric  system  and 
a  broac-band  frequency— separating  telemietric  system:  are  linked 
with  them .  Since  the  1  Os,  an  on— board  FCM  programmable  data 
collector  and  a  surface  data  processing  system  have  been  m  use. 
The  maximum  capacity  of  this  kind  of  on— board  magnetic  recording 
syster  is  1-24  channels  with  a  total  sampling  rate  of  up  to  S 
kbps.  At  the  beginning  of  the  80s,  an  on— board  real  — timie  flight- 
tes t ing  data  system  (a  Lishan  [transliteration]  composite 
measuring  system.)  with  telemietric  technology  and  a  computet  as 
its  core  was  deployed.  It  combines  on— board  magnetic  recording 
and  telemetry,  and  iimiks  a  pulse-code  system  with  a  multip-e- 
char.no  1  frequency— separating  system.  It  combines  telemetry  with 
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■  e  a  I  - 1  iiT.e  data  processing  capability. 
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ited  With  a  1  ai'y  e  —  5  C  a  1 6  flight  Itoni  tor  xuQ  anu  COnti'C 
1  ui  a  -ai’^c  pi'  OCTi"  alima  b  1  c  C  OitpO  5  1  t  e  System..  It  Cal'. 
;24  aualOO  and  digital  pdi'  diic  1 6  1'  £  Of  all  types,  aliO 
imp-  mg  ia tc  of  32  kbp5  .  It  can  measure  sir.ul t aneo 
>zen  acceleration/deceleration  parameters .  Common 
!  and  modular  construction  are  used  for  all  cotpone 
telemetric  systair.  is  used  to  transmit  information 
nations.  The  effective  distance  of  the  system  exce 
In  the  middle  of  the  80s,  another  composite  on- boar 
: a  system  (the  Qmchuan  [transliteration]  system)  w 
It  features  on- board  real- time  display  and  real- 
■ssiut ,  and  uses  electronic  programming .  It  has  a 
rate  of  125  kbps  and  can  measure  40^6  parameters . 
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measur  mo 


:he  Test  Fxight  Center  also  has  in  use  malfunction 
m:  me  asuremer.t  equipment  used  for  ejection  and  no. 
flights.  It  therefore  has  powerful,  advanced 
:apaiCij.iCies  and  the  means  required  for  qualifying 
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for  all  new  aircraft  and  products  and  for  engagim. 
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Test  flights  for  highly  maneuverable  a i r  c  r a  f  t  chi  efly  use 
board  magnetic  recording  and  telemetry ;  when  required, 
malfunction  recording  equipment  is  also  installed. 
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ly  ,  ccitpo s r t e.  measurement  technology  and  real-time 
trie  data  processing  ar ^  used.  To  measure  gradually 
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mu  1 1 i p  1  e - s t a t i on  collector  to  a  common  line;  to  measi 
variation  parameters,  many  groups  of  mul tuple- channe . 


eparator  equipment  are  nomax  x.y  us ci .  vi  tiiese 
gnaZs  is  transmitted  to  the  surface  with  teleme 
a n o  the  others  are  recorded  i n  parallel  on  the 
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processing.  This  kind  of  technology  is  especially  useful  j 
test  f  1 1  g r.  t  s  for  qualifying  evaluation  on  new  p  1  a n e  s  and  1  < 
scale  programs.  In  the  qualifying  evaluation  testing  for  < 
II,  17  tasks  were  carried  out  m  combination  on  one  airplai 
over  3C0  parameters  were  measured.  In  addition,  the  Test  i 
Center  also  pxsces  great  emphasis  on  the  application  of 
teiciictiic  technology. 
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The  Test  Flight  Center  has  at  its  disposal  many  exper irriental 
research  planes  the  refitted  B-6  flying  test  bed  is  shown  in 
Fig.  3  of  the  center  insert  [not  included  m  translated 
litiiia.j  .  This  test  bed  can  suspend  the  engines  of  alx  moneys 
of  aircraft  for  mid-air  tes  ting.  The  plane  has  a  Universal 
composite-  and  multifunctional  measux ement  system,  including  a  PC M 


* P 0  s  1 1 -x  and 
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collecting  subsystci.,  a  multiple— channel  frequency  separatinci 
subsystem ,  and  a  telemetric  transmitting  and  magnetic  tape 
recorder ;  an  on- beam  real-time  data  processing  system.  based  on  a 
minicomputer  can  arso  be  installed.  See  fry.  17  of  the  insert 
for  an  illustration  of  a  part  of  the  Lishan  on- board  equipment 
used  on  the  plane  [not  included  in  translated  material]  . 

MEASURING  TECHNOLOGY  FOR  LARGE  AIRCRAFT  TEST  FLIGHTS 

In  airworthiness  test  fliyhts  for  larye  civilian  aircraft,  a 
composite  on- board  data  system  with  real- time  display  and  real- 
time  data  processing  capabilities  is  used.  This  system  consists 
of  a  PCM  data  gathering  and  recording  subsystem  and  a  real-time 
data  processing  subsystem.  The  FCM  data  gathering  subsystem  is 
able  to  use  a  number  of  collecting  devices  together  via  a  common 
ous .  Its  capacity  is  4036  with  a  total  sampling  rate  of  121 
kbps.  It  can  measure  parameters  for  changes  in  velocity  and 
transition.  The  or.- board  real- time  data  processor  subsystem  is  a 
complete  data  analysis  and  monitoring  system  organized  around  a 
o2-bit  VAX  minicomputer.  It  is  able  to  display  physical 
quantities  and  calculated  results  in  real  time,  raising  t  =  st- 
f light  effectiveness  and  ensuring  test- flight  safety  and  quality. 

In  addition,  i n  test  flights  of  civilian  aircraft,  the  Test 
Flight  Center's  air-speed  measurement  system,  has  attained 
international  standards;  it  is  able  to  measure  accurately  dynamic 
and  static  pressure  and  provide  precise  flight  altitude  and  speed 
measurements  .  It  is  also  able  to  calibrate  the  pj-sne's  a  i  r  s  p  c  e  o 
system.  It  uses  a  screen-style  airspeed  tube  total-pressure 
system  arid  a  tail-fin  towed  cone  static  pressure  system..  Figure 
j. 3  of  the  center  insert  [not  included]  shows  tne  towed  cone 
static  pressure  system  installed  on  a  Y-7 .  For  checking  and 
setting  the  center  of  gravity,  the  total  weight  of  the  aircraft 
and  automatic  center  of  gravity  control  system,  is  used;  the 
center  of  gravity  adjustment  range  is  15-30%  and  the  rate  of 

_  q  Z  -  *  a 

a u.  j  ub  i  d.  is  -t  . 

The  Test  Flight  Center,  in  addition  to  its  domestic  test  flight 
duties,  undertook  evaluation  test  flights  for  the  Marconi  MADS-7 
electronic  defense  system  at  the  beginning  of  the  80s.  This 
system  is  composed  of  ten  subsys terns ,  and  is  installed  on  the 
II.  Test  flights  measured  137  parameters,  providing  an  accura 
basis  for  model  definition. 
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ijata  processing  tec 
of  new  aircraft.  In  this  article,  the  basic  features  of  data 
processing  technique  are  briefly  discussed,  followed  with  its 
current  development  status.  Special  emphasis  is  given  on  the 
light  test  data  acquisition  and  processing  systems  used  by  t 
enter  Fi'^nch,  made  Damien  system,  MLisanM  system  and 
Qincbudii"  system:.  Some  work  in  associated  software  field  is 
xS  o  mention*:  a  z. n g  —  i s h  abstract  j  . 


hnique  plays  an  i mpo r t a 1 1 1  role  m  flight  te; 


-  U  _•  _  J  -  A  - 

.  u-5  a 1  li^ic 


j  _  *.  ~ 
u  a  u  a 


;i  the  preparatory  stayes  f<_r  flight  tastiny ,  tht  testing 


e pc r 1 1 ng  of  cone iusicns ,  data  processing 

import  ant  support.  With  numbers,  graph: 
2  program,  codas,  it  offars  outlines  of  u< 
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and  computer  tachnology. 
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cessing  uses  a s  its  date  source  tue  Oats 
> t  f x ignt  experimentation ,  or  tne  data  flv 
.e tic  recording  device.  It  has  a  strong 
siouriC  of  data  is  in  direct  proportion 
Tne  c om.pu ter  in  use  needs  special  input 
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The  main  systems  currently  in  use  i.»  the  Tast  Flight  Canter 
include  the  Damian  system,  the  Lishan  [transliteration]  systa: 
and  tha  Qmchuan  [  transit  t  ar  at  ion  ]  system.  Each  of  them  is 
equipped  with  a  data  processing  system.  The  data  processed  ci 
tne::.  comas  fro:,,  sampling  devices,  telemetric  receivers  ano 
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ief  types  of  test 


flight  data,  PCI!  data  and  FK  data,  and  real-time  and  after  — the- 
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computer  syste”  manufactured 
by  SEN)S  of  Franca ,  used  for 
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pi'  Guessing  for  small  tasks. 
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processing  it  is  capable  of 
receiving  a  F CM  u  a  t  a — f  1  o  w 
input  at  a  sampxing  i  at t  of 
2  kbps  duO  S  liul  t&Hc  jUS  xj" 

P r c  cc.551  n g  30-4 C  p a r sir. e t e r 5  . 
It  uses  the  five  —  section 


u  s  i  n  o 


six-pc  inf  two-point  linear  imaging  method  to  implement  parameter 
aecoo-ng  c •  * c  c . 1 1 . c  .  rid i pi  oi-uSitiiio  piepaidLioii  c*  n  c. 
preliminary  processing  are  convenient  and  easy  to  conti'C  - .  The 
sy  5  t  £;.  COCS  aC  t  fcctuic  I'  tdl~  tl''.ic  p  i*  O  C  6  5  S  i  UQ  .  ri  t  lA-iiiiHo:  } 
processing  is  a  very  important  measure  tor  determining  tne 
testing  secuence . 
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0501^. 
has  a 


another  testing  system,  the  L i s h a n  s y s ten ,  was 
.  This  is  a  magnetic /telemetric  composite  system 

?  a  PCM  real-time  processing  system  and  a  F CM  or  rl. 
analysis  systc". .  The  F  C  M  real  — time  processing 
MITRA  Ilf  mu  1  tip  le  —  use  minicomputer  system  which  can 
e  c«dt  d  f  j.  ow  input  at  a  m  ax  i  mum  late  Oi  xo  >*.bps.  xt  i^  d  ji  •: 


*xtu, 

stone 
a  1 1  o 


sy s  t  e n  has 
F  ?  s  y  s  t 
software  and 


lac  r on  ui  r  »•  t 

a  F  F.  X  N  o  C  signal  analysis  c  onp  u  ■ 
«r ..  .  The  syste.'..  has  a  great 
sed  chiefly  for 
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four 


data  prOuUCcd  by  C  i  i  t 
LishdCi  Computer.  Iu  tut 
a  maximum  parameter  sampling  rate 

per  Sec  Cxi -A  Cdi.  be  aufixc  veu  il  Uai  tntr  r^Li  xxov\  ,  cu*u 
of  oscillation  data  can  be  collected  from  the  r u 
total  FM  sampling  rate  cannot  exceed  ICO  kbps. 

FM  signals ,  real-time  ux^^xay  x=>  ^ubsxyxc  xw.*.  o 
cf  four  channels  arid  real-time  processing  is  possible  for 


u 

channels.  The  structure  of  the  L i s h a n  5 y s t e it.  is  coipie-x 


it  n a s  a 


range  of  functions . 


The  Qmchuan  system  installed  in  19 3-5  is  a  testing  system  foi  an 
electronic  experiment  ax  plane.  The  coxx  acting  eguipi»ieiiL  o^  tuis 
system  { R  M  D  U }  was  previously  used  widely  in  men  can  aviation  a  i  i  u 
aerospace  eguip m e  n  t  .  The  systeivMs  data  piocessing  is  uiviotvl 
into  two  parts,  the  on -hoard  real-time  processing  component  an  i 
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t  ty  tiie  VAX- 1 1  /  7  3  0  .  Cn  the  two  computers  is  special 
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cts  F CM  data;  m  real-time  collection  inode  it  can 
F CM  data  flow  at  a  iriaxiiriUiTi  rate  of  17.357  kbps,  and 
elimmary  processing  can  receive  a  FCM  fj.ow  at  a  ra 
ps .  Real- 1 me  end  preliminary  processing  can  proce 
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st  Flight  Center  has,  for 


it  tat  of  m  e  a  s  u  r  e  r.':  e  n  t  syste  m  s  and 
research  on  computer  methods,  wr 
r  extraction  programs  linking  the 
ther  systems.  I r.  connecting  cur 
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tic.*.  *..e rhoa  a^u  have  rcade  important  p r oy re 
v  c c ii  i  ti  on  m  test  f  light  data  processing  wh 
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vc:  t  f.  rch  a  ivc.  its  application  in  this  area. 
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The  applications  of  moving  photogrammetry  in  flight  testing  and 
photographic  methods  are  presented.  The  status  is  presented 
[English  abstract] . 


Moving  photogr amm.etry  is  an  important  means  for  measuring 
external  parameters  in  flight  testing  research.  It  uses  a 
variety  of  high-speed  photographic  equipment  to  obtain  a 
continuous  moving  image  of  a  moving  target,  thus  recording  many 
dynamic-state  parameters  from  the  test  target.  In  aerial  flight 
tests,  there  are  two  categories  of  applications  of  moving- 
photogrammetry:  1)  Recording  and  analyzing  high-speed 

experimental  processes  such  as  the  movement  from  the  plane  of 
suspended  external  objects,  weapon  firing  and  the  dispersion  of 
exhaust,  normative  recording  of  cabin  instruments ,  the  path  of 
ejection  seats,  etc.  2)  Measuring  irioving  parameters  such  as 
aircraft  takeoff  and  landing  data,  the  position  m  space  of 
flying  objects  during  tests  (trajectories,  speed,  accelerat ion , 
elevation,  and  other  oata) ,  the  path  of  released  objects,  and 
bearing  measurement. 

The  methods  of  moving  photogrammetry  differ  according  to  the 
requirements  of  the  task: 

1.  Timing  information  is  provided  on  the  basis  of  the  frequency 
of  photographs  and  the  number  of  f ramies. 


2.  Regarding  the  measurer ;ent  of  spatial  position  of  moving 
objects,  it  is  possible  to  provide  moving  parameters  for  the 
absolute  and  relative  coordinates  of  the  test  object.  There  are 
three  methods  of  measurement:  1}  Delayed  photogrammetry;  2) 


tracking 


i^hot 


ogr  ante  try ,  which  can  be  divided  into  fixed-point 
absolute  coordinate  tracking  photogrammetry  and  moving— point 
relative  coordinate  tracking  photogrammetry .  Fixed— point 
photogrammetry  uses  a  single  station  or  multiple  station 
pho t ogr am.me tr i c  equipment  (electronic  photographic  tx-ansits)  to 
perform:  continuous  tracking  photography  of  the  test  object. 
Moving-point  photography  normally  is  performed  using  two  or  more 
airborne  aircraft  flying  m  fixed  formation  with  photographers  m 


these  planes  independently  tracking  and  photographing  the  test 


object  on  the  expernmental  plane.  These  include  the  ejection 
test  vehicle  ejection  seat,  externally  mounted  weapons  on  planes, 
and  suspended  objects  that  have  been  released. 


3.  State  analysis  and  attitude  measurement.  Moving 

photogr  am.me  try  can  be  used  to  undertake  analysis  of  experimental 

states  and  measurements  of  the  attitudes  of  moving  objects. 
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T.re  Tost  Flight  Celt  cl'  has  specialties  in  hiyh-specu  photography 
ar.d  casui'cieit .  aviation  r  a  no  1 6  sensing  and  photography,  radar 
tiasureicrit  ,  n, age  analysis  and  oata  processing,  special  infrared 
target  icasutcEcit ,  etc.  It  has  a  variety  of  advanced  eguipteut 
including  on-board  high-speed  cameras  and  automatic  development 
and  printing  equipment,  automatic  film  reading  devices,  and 
optical  measurement  units.  A  total  of  over  600  tests  have  been 
performed.  Furthermore,  technical  tasks  have  been  carried  out 
including  studies  of  physical  exercise,  fixed— direction  explosion 
unmg  aviation  remote  sensing-,  and  hydroelectric  station 
spillway  monitoring . 


rs  p*  irsmr’  rtrttr  r<  ^\r>  n  nr*  tit  t*i  t_T  r\  m  ^  t~\  “»  t*}  T_T  "*  r 

omvo^ivvjr  r  OK  nbK  mu  rnOiu'jK/irni 
Xu  Jing  Liang 

T h 6  achievements  of  using  PICS  in  aerial  photography  are 
presented.  Side  lapping  can  be  reduced  by  7%,  so  flight 
operation  tire  can  be  saved  by  10%  [English  abstract] . 

The  special  fie-d  of  aerial  photography  (remote  sensing)  at  the 
Flight  Test  Center  has  made  great  advances  m  recent  years.  In 
the  area  of  equipment,  there  are  special  airplanes  used  in  aeria 
photography  with  very  advanced  photographic  installations.  A 
c orr.pr ehensive  photographic  control  system  (PICS)  has  been 
imported  from  abroad,  and  the  methods  for  using  it  have  been 
thoroughly  mastered.  We  have  achieved  highly  efficient,  high- 
quality  aerial  photography  (remote  sensing) ,  making  our 
contribution  to  flight  testing  and  the  national  economy.  The 
PICS  system,  is  composes,  of  an  LTW  inertial  guidance  system 
(including  a  remote  control  unit, 
or  RCU } ,  an  aerial  photographic 
device,  and  interface  equipment. 

The  system,  is  installed  in  an 
airplane  and  linked  with  the 
automatic  pilot;  it  can  perform, 
aircraft  attitude  m.  e  a  su  r  e ..  e  n  t , 
aerial  photography,  and  remote 

—  -  —  —  h  .  .............  i.  rn  v_  _  r~\  • t  ^ 

Stua  iji'jt  ...casui  .  a  11  c  C  £ 

system,  can  be  used  in  automatic 
air-to-surf ace  grid  photographs 
(see  fig.  1) .  Automation  includes 
alignment  of  the  ;v.easur ement  line, 
opening  the  camiera,  automatic 
overlap ,  closing  the  camera, 
automatic  turning,  adjusting  the 
camera  s  xateraj.  drift  and  leveling 
it,  interrupting  ano  continuing  the 
flight,  and  automatic  jumpers. 

Automation  improves  flight  quality, 
reduces  the  amount  of  required 
labor,  improves  efficiency  arid  Fig.  1.  Automatic  grid 

economic  benefits,  and  produces  photography.  Key;  1) 

excellent  results.  In  areas  that  Leveling  off  point;  2) 

lack  an  obvious  ground  grid,  Begin  shooting;  3)  Base 

automation's  superiority  is  even  line;  4)  Shutter  interval; 

more  striking.  Several  years  of  5)  End  point;  6) 

experience  at  CFTRC  have  given  us  a  Measurement  line  interval; 
mastery  of  the  use  of  the  PICS  7}  Extension  distance;  S) 

system;.  Currently,  at  an  altitude  Length  of  measurement  xine; 

of  ±  C  ,  0  C  0  meters  ovar  fl'atlands,  we  S)  Conclusion, 
are  able  to  maintain  the  plane's 
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c  6  v  i  a  “  i  u  n  fro  iv 


me a 5 ur e it.6 n t  liue  within  400  meters; 


r.ountainous  terrain,  deviation  is  bald  to  6 0 C  m ctcis ;  in  dc-Sci  t , 
it  is  hole  to  SCO  meters .  As  t n e  flight  altitude  decreases, 
precision  can  o e  further  increased.  The  above- describee 
precision  can  be  maintained  with  an  aerial  photographic  scale  of 
iiou,  000 ;  tne  side  lapping  averages  23%,  with  the  min  imam  value 
still  within  the  specified  requirements  for  aerial  photography. 


_  J  _  —  ~  r.  -t  a  c. 

xd^pii.y  C  i.  ^  \J  "c  , 


Aviation  Photography  Specif icatioi."  prescribes  a  side, 
f  30%,  with  a  minimum:  of  no  less  than  15%;  otherwise, 


supple  rental,  ni  yi.<.s  arc  necessary.  Ii  tne 
supplemental  flights  can  be  greatly  reduced, 


sys  ten  is  i,5o 
t her more ,  it  1 


bee ..  demon; 


i\  c  U  CC  llij 


.  tua  t  tiit  p;  iDcU  Jvt  uvcl  idp  can  i; c  1  c c* u  , c t 

in  other  words,  the  most  economic  overlap  is 
.e  overlap  means  that  the  measurement  .i,ic 


interval  can  be  mcreaseo  10%;  this  is  equivalent  to  reducing  the 
measurement  line ,  and  consequently  the  flying  time,  by  10%. 

me  icsi  rxxun*.  '..cHui  s  use  u  x  Cue  rxto  s_ysLeu:  nas  maut  at:  lcti 

■pusi  1 1 y  s e x f  — men 1 1 or ingr  possible;  this  means  that  it  is  possible 

to  inspt  c“ ,  v hi _ e  airborne,  the  flight  path,  spot  the  f 1 1 g h t 

path,  determine  the  amount  of  deviation,  determine  whether  it  is 
excessive ,  and  perform  supplemental  flights  in  a  timely  manner , 
thus  avoiding  the  necessity  of  waiting  for  a  study  of  the 
photographs.  PICS  has  effectively  ensured  quality,  improved 
production  efficiency,  and  saved  manpower,  equipment  and 
ma t  or i a _  . 


-n  Id,-,  during  tne  course  of  one  project,  the  PICS  system  was 
US',  i  to  complete  ccxcr  anu  infrared  photography  for  a  large  ar-  a 
at  high  altitudes.  F.enote  sensing  specialists  have  used  color 
a no  infrared  aerial  plates  in  the  area  of  imaged  cartography, 
environmental  geology,  agriculture,  forestry,  waiter  conservancy, 


ecology ,  city  planning,  and  construction;  it  has  been 


pi  U JCt  L  S  . 


.entitle 


progress 


ur  - - 


u n  1 ? 3 C  .  in  she  area  of  aerial  photography,  measures  were  again 
taken  to  change  the  measurement  line  intervals  of  the  grids  and 
the  flight  altitude,  in  order  to  increase  the  length  of  the 
measurement  line  and  to  shorten  the  turning  time.  This  meant  an 
add  ItlOail  ,  1‘cadily  appal*  6  Fi  l  O  V6ITitr  Tit  in  piOuUCtlOij 
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Tnc  Fci.undi  Company  has  recently  cone  out  with  an  on- boar*! 
optical  c omur. i c a 1 1 ons  system  able  to  make  cj o o d  the  shortcomings 
of  battlefield  radio  communications.  This  short- distance 
on.num  cations  installation  includes  anti- inter f erence  and  anti- 
ntercepticr.  features  . 

he  installation  uses  a  gclliut  arsenide  laser  diode  and  has  an 
h  n i b e a r  i n c  ess  ten  -  e  of  500  meters.  It  is  capable  of  r e c e i v i n g 
i  ?  1 1  a  1  voi  re  or  oat  a  communication  at  a  rate  of  164  bps.  Its. 
ewer  output  is  low;  at  a  distance  of  10  civ.  fro ;v.  the  transmit  tin 
i vice ,  it  presents  no  danger  to  the  eye. 


The  installation  consists  of  four  sounding  devices,  one 
electronic  installation,  and  an  optional  control  board, 
arranging  me  four  transmitting  and  receiving  units  at  an 
3  C  0  ,  3  6  u  0  coverage  is  obtained.  The  transmitters  are  positioned 
a c v <.  tnc  receivers  .  In  each  unit  the  transmitter  includes  two 
.j. a s e i  diodes  ,  eacn  covering  a  45?  field  with  a  ±12c'  vertica_ 

1  a . .  v-'  v  .  -.i.c  ic-eivcib  ala  lUoi  Upt  ltd*  uxuuci),  teta  Vfita  ci  ^  ^  .  J 


£  d  _  1  —  n  _  _ ._4.J_._n  _ _ _ 

x  x  a  x  u  aau  a  X  x  ~  '  vcxtCxoax  I  ct  1 1 Q  t_  . 


u X  .  X  >.  e 

x.  i.  .  c 
LnC  U  _ 

^  ii'iia 

t  X  a  H  5  7  . 

ScCi'jC 


SwCU,..L 

.  v  7;  •- 
”  C  C  t  -  j' 

1 1  i  6  7  1 

y ,  ana 


X  UnUl 

t  h  a  V 
C  p  p  O  S 
aCti  V 
5  -OV’O 
icCiuC 
c  I  V  a  i'  5 


tioHis/  the  16  receiving  channels  are  a 
receive  signals  frorn  the  t r an 


liituiiX  . 

r.ov  e  7c.  e  i 

IS  p O  S  : 

sic n a ~ 
as  for 


rXlC 

mu  . 
1  i  -  to 

a  VhTF 


cut  a  x 
at  any 

/  T  T  T  ▼  m 


u  S  771 1 1  e 

e  x  receiver  and  transrrti  tter  pair  conti 

-  —  j-  —  —  -  mud  _  . _  i  _  _  _  J  ____dun_.  _ 

cr  scavc.  u.ii  i;!ar.cs  xe  pubsiuic  ll 

st  radiation  power,  thu*7 
es  interference  cooing  from  the  channe 

m\_  ,  .1. - _  n  _ _ _  4  x_  U  _  -  .  _  J  J  -  -  £ 

.  i  at  L.iciuacib  oil  ciinti  &iut  ox 

tinuously .  F  o  r 


i  c  e  i  i 
i  s  it  a  i  n  t  a  i  n  i  n  q  s 


L  li  e 


.  t  i :  n  e  cl  x.  c  " 


ion  t  o 

channel  ha v i n g  t  n e 


rpuSne  causes  the  signal  posit 
t  1 77  e  tO  ScicCt 
for  t n e  entire 
aaio  installation 


d  —  -  — 

liislaixci  u  X  x»  1  - 


>  va. 

n  u  e  s 
s  u  i*  e 
y  s  t  e  77 

•*  _  -XT 

X  i  O  X 

act  i  v 

-  r 

t  -i  .4 

u  d  n  u 
X  1  X  X  L  , 

t  r  o  nc 

i  _  - 


tc 

x-  U  . 

burn 


1  t 


64 


tU  o'* 


mroirnT^  *  rn  pn  *  nni  ^  -r-  r-t  nnn  /->  r  » 

niKti\nr  i  r  ± rv jl  tuiurvi',  orb^i/vti 

»  itn  t~  t  r<"mri'M,'T/'  •>  trn  ■»  r  ▼  m  !->»#•»  m  -t-  r-»  ^  r^,  %y  m  n  nr  £7  V  ^  ffi  *  £7 

aku  Cij-iEc  1  Kuh  j.  c  /inu  huiU’iAJn-  cOn  i  r.vjj  ji  aitiio 

Sun  Sane eng 


experiences,  present  status  and  future  intentions  on  this 
topic  are  presented  [Enylish  abstract] . 

The  Tc 5 1  Flight  Center 1 s  test  flight  research  on  fire  control , 
special  equipment ,  and  electronic  and  automatic  control  system: 
includes  five  special  fields  i  Electrical  systems,'  gyroscopes, 
inertial  guidance  and  atmospheric  data  computers;  automatic 
aircraft  control  systems;  fire  control  systems;  and  military 
equipment  systems.  Over  the  past  30  years,  the  electronic 
systems  and  ccurse/attitude/atmosphere  data  computers  and 
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because  of  aerodynamic  heating  during  flight, 
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Recently ,  the  Test  Flight  Center  has  used  sophisticated  rea.-tim 
measurement  and  processing  systems  for  flight  test  data  in  these 
areas,  strengthening  its  test  flight  capabilities  ana  improving 
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In  the  future ,  as  China's  horizontal  display  systems,  digital 
automatic  pilot  ,  and  other  advanced  equipment  arc  successfully 
developed  without  foi'eign  assistance,  as  automatic  landing 
systems  and  active  control  technology  are  used  successfully  on 
aircraft,  and  as  sophisticated  test  flight  measurement  equipment 
and  technology  are  applied,  the  role  of  the  Test  Flight  Centex'*  s 
test  flights  for  on- hoax'd  electronic  equipment  and  fire  controj. 
systems  will  be  even  greater,  and  the  quantity  of  our  work  will 
increase  day  by  day. 
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